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Eastern  District  of  Pennsylvania,  to  wit : 

Be  it  reineinl)ered,  that  on  the  first  day  of  November,  in  the  fifty-fifth 
year  of  the  independence  of  the  United  States  of  America,  A.D.  1830, 
T.  Desilver,  Jun.  of  the  said  district,  has  deposited  in  this  office  the  title 
of  a  book,  the  right  whereof  he  claims  as  proprietor,  in  the  words  fol- 
lowing, to  wit : 

The  Operative  Mechanic,  and  British  Machinist ;  being  a  Practical 
Display  of  the  Manufactories  and  Mechanical  Arts  of  the  United  King- 
dom. By  John  Nicholson,  Esq.  Civil  Engineer.  Second  American 
from  the  Third  London  edition,  with  additions.    In  two  volumes. 

In  conformity  to  the  act  of  the  congress  of  the  United  States,  enti- 
tled, **an  act  for  the  encouragement  of  learning,  by  securing  the 
copies  of  maps,  charts  and  books  to  the  authors  and  proprietors  of  such 
copies  during  the  times  therein  mentioned  ;*'  and  also  to  the  act,  en- 
titled, "  an  act  supplementary  to  an  act,  entitled,  <  an  act  for  the  en- 
couragement of  learning,  by  securing  the  copies  of  maps,  charts  and 
books  to  the  authors  and  proprietors  of  such  copies  during  the  times 
therein  mentioned,*  and  extending  the  benefits  thereof  to  the  arts  of 
designing,  engraving  and  etching  historical  and  other  prints.'* 

D.  CALDWELL, 
Cflerk  of  the  Eastern  DUtriet  of  Penntyloaiwi, 
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TO 

GEORGE  BIRKBECK,  ESQ.  M.D. 

PRESIDENT  OF  THE  LONDON  MECHANICS'  INSTITUTION, 
SfC.  SfC,  SfC. 

Sib, 

In  an  age  like  the  present,  when  the  rich  and  the 
powerful  identify  their  interests  with  the  welfare  of  the 
poor  and  uninformed,  when  the  wise  and  the  good  combine 
in  furthering  the  diffusion  of  sound  principles  and  useful 
knowledge  among  those  who  constitute  the  most  important, 
though  hitherto  the  most  neglected,  portion  of  the  commu- 
nity, there  is  not  one  who  can  view  the  future  in  the  past 
but  must  anticipate  with  such  data  before  him,  a  change  as 
brilliant  in  its  effects,  as  it  is  honourable  to  those  who  are 
engaged  in  promoting  it. 

The  advanced  state  of  science,  and  the  comprehensive 
views  of  a  just  and  liberal  philosophy,  animate  those  who 
for  many  years  have  compared  theory  with  practice  to  come 
forward  in  the  hope  of  being  able  to  offer  something  in  aid 
of  the  common  cause. 

Such  feelings.  Sir,  have  encouraged  me  to  publish  the 
following  pages,  which,  as  an  earnest  of  their  future  suc- 
cess, I  am  permitted  to  dedicate  to  yourself. 
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A  work  of  this  kind,  combining  in  the  most  condensed 
form  the  acknowledged  principles  and  recent  improvements 
in  Mechanical  Science,  and  professing  to  be  adapted  in 
every  possible  way  to  the  use  of  the  Mechanic  and  Machi- 
nist, could  not  well  find  a  Patron  more  congenial  to  its  Spirit 
than  one,  who,  during  a  long  series  of  years,  has  laboured 
with  no  common  devotion  in  promoting  their  benefit. 

I  am, 

Sir, 

Your  most  obedient,  and 

Much  obliged  humble  Servant, 

JOHN  NICHOLSON. 
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INTRODUCTION 


GENERAL    OUTLINE    PLAN 


epttutm  m^t^^nit. 


The  discoveries  of  Watt  and  Arkwright,  which  yielded 
at  once  such  immense  national  as  well  as  individual  pros- 
perity, must  ever  be  regarded  as  forming  a  new  era  in  the 
arts  of  life  and  the  domestic  policy  of  nations.  The  riches, 
extraordinary  as  unprecedented,  inexhaustible  as  unexpected, 
thus  acquired  by  a  skilful  system  of  mechanical  arrangement 
for  the  reduction  of  labour,  gave  the  impetus  which  has  led 
to  the  numerous  discoveries,  inventions,  and  improvements, 
in  every  department  of  our  manufactures,  and  raised  them  to 
their  present  state  of  perfection. 

With  respect  to  our  primary  and  most  elaborate  pieces  of 
mechanism,  however  intricate  and  incomprehensible  they 
may  appear  to  the  inexperienced,  they  are  in  the  eye  of  the 
practical  man  mere  elegant  modifications  and  combinations 
of  a  few  simple  principles.  These  principles,  after  some  ne- 
cessary observations  on  the  Forces  acting  on  Matter,  on 
Friction,  and  the  Centre  of  Gravity,  are  fully  elucidated  in 
the  account  of  "  The  Mechanical  Powers." 
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VI 

These  are  followed  by  what  is  indispensably  necessary  to 
thd  proper  construction  of  Mill-work,  viz.  a  description  of 
Bevel  and  SpubGeeb,  the  longitudinal  connexion  of  Shafts, 
termed  Coupling,  the  most  approved  method  of  Disengaging 

AND  BE-ENGAGING  MACHINERY,  and    of  the    E<iUALIZATION    OF 

Motion,  with  some  general  Practical  Observations,  given  un- 
der the  article  "  Mill  Geering.'' 

The  reader  who  attentively  peruses  these  articles  will  be 
in  possession  of  the  primary  points  of  Mill-work  ;  we  have, 
therefore,  next  introduced  to  his  notice,  under  Animal 
Strength,  Water,  Wind,  and  Steam,  the  best  modes  of 
applying  the  Moving  Powers  ;  and  to  them  is  annexed  a 
short,  though  concise,  account  of  Brawfi?8  Vacuum  or 
Pneumatic  Engine^  which  may  with  improvements  be  made 
most  effective  for  locomotion  and  other  light  purposes. 

As  the  reduction  of  wheat  into  flour  forms  so  essential  a  part 
of  domestic  oeconomy,  and  as  the  force  which  gives  a  rota-  ' 
tory  motion  to  the  upper  mill-stone  is  almost  invariably  im- 
parted either  by  wind  or  water,  we  have  thought  it  no  devia- 
tion from  scientific  arrangement,  to  introduce  at  the  end  of 
these  two  articles  a  description  of  a  Flour-mi(.l  ;  as,  by  that 
means,  the  reader  will  be  enabled  to  form  a  tolerably  correct 
notion  of  the  manner  of  imparting  motion  from  the  water- 
wheel,  or  leader,  to  the  other  parts  of  machinery.  And 
while  upon  this  subject  we  have,  with  a  view  to  make  the 
work  generally  useful,  described  the  hand  and  foot  methods 
of  grinding  corn,  that  those  who  live  not  in  the  vicinity  of  a 
mill,  or  who  do  not  choose  to  submit  to  the  impositions  said 
to  be  practised  by  many  millers,  may,  at  a  comparatively 
trifling  expense,  have  the  work  performed  at  home. 

A  knowledge  of  the  strength  of  materials  being  at  all 
times  important  in  the  construction  of  Mill-work,  more  par- 
ticularly in  those  parts  which  have  to  sustain  the  greatest 
force,  or  put  the  whole  of  the  other  parts  of  the  machinery 
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in  motion,  we  have,  next  to  the  Moving  Powers,  inserted  a 
letter  from  Mr  Renn ie,  jun.  to  Dr.  Young,  describing  a  se- 
ries of  very  satisfactory  experiments  made  on  this  subject. 

A  description  of  Htdraulic  Engines  next  follows ;  and 
these  are  succeeded  by  certain  Simple  Machines  acting  as 
accessories  to  our  manufactures.  So  that,  by  the  time  the 
reader  has  advanced  thus  far,  he  will  have  become  so  tho^ 
roughly  intimate  with  machinery,  as  easily  to  comprehend 
and  appreciate  the  several  excellencies  of  our  Staple  Manu- 
FACTUBEs,  which  are  next  unfolded  to  his  view. 

The  whole  was  intended  to  be  concluded  with  an  exami- 
nation of  those  arts  termed  Manual,  in  a  treatise  on  the  Art 
of  Building ;  except,  indeed,  with  the  addition  of  an  Appen- 
dix containing  a  short  and  concise  treatise  on  Practical 
Geometry  and  Mensuration,  with  a  Collection  of  approved 
Receipts,  and  a  Glossary;  but  the  interest  which  has  late- 
ly been  excited  respecting  Railways  and  Locomotive  En- 
gines has  led  to  the  extension  of  the  work,  about  thirty 
pages,  with  an  article  on  those  constructions. 

Although  there  are  several  very  excellent  treatises  on  Me- 
chanics and  Mill-work  now  extant,  yet,  presuming  on  an  ar- 
rangement widely  different  to  that  of  others,  by  which  the 
least  erudite  and  most  inexperienced  may  acquire  something 
more  than  a  mere  Superficial  Knowledge  of  Machinery,  the 
Author  trusts  that  the  following  pages  will  meet  with  a  fa- 
vourable reception.  , 

In  the  course  of  his  labours  he  has  derived  material  assis- 
tance from  many  of  his  scientific  friends,  to  whom  he  thus 
publicly  expresses  his  acknowledgments ;  and  more  particu- 
larly to  that  Gentleman  to  whom  the  volume  is  dedicated. 

In  a  work  of  such  a  nature  it  is  generally  understood  that 
extracts  are  justified,  as  the  description  of  many  things  not 
new  are  requisite,  and  the  language  could  not  in  general  be 
improved.     In  such  cases,  however,  the  authority  has,  in  ge- 
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Deral,  been  acknowledged,  and  in  a  way  calculated  to  ad- 
vance the  honour  and  interest  of  every  improver  and  disco- 
verer. 

The  volume  in  its  design  and  execution  is  offered  as  a 
companion  to  the  workshop,  consequently  abstract  and 
theoretical  principles  have  been  allowed  to  mingle  no  fur- 
ther than  has  been  indispensably  necessary  to  the  perfect  il- 
lustration of  the  use  and  application  of  the  object  described. 
The  work  has,  therefore,  no  similarity  to  the  Mathematical 
Illustrations  of  Wood,  Gregobt,  or  Emerson,  each  of  which, 
and  more  particularly  that  of  Dr  Olinthus  Gregory,  de- 
serves  to  be  spoken  of  with  great  refbpect 

A  book  comprehensive  and  practical,  embracing  the  whole 
subject  as  living  and  contemporaneous,  and  as  connected  with 
private'profit  and  public  glory,  instructive  to  individuals  and 
illustrative  of  the  genius  of  the  age  in  its  best  direction,  has 
been  the  object  of  the  Author,  and  he  hopes  he  has  not  la- 
boured in  vain. 

LoiVDOOf, 

March,  1825. 
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ADVERTISEMENT 


TO 


THE  SECOND  AMERICAN  EDITION. 


The  pablisber  presents  the  second  American  edition  of 
Dr  Nicholson's  very  valuable  work,  with  the  improvements 
contained  in  the  second  London  edition.  Considerable 
additions  have  been  made  to  the  text,  and  several  new  plates 
have  been  inserted.  In  the  London  edition  there  were  nu- 
merous errors  in  the  references  from  the  text  to  the  plates, 
all  of  which  it  is  believed  will  be  found  to  be  corrected  in 
this  editioo,  hi  which  have  also  been  added  references  from 
the  plates  to  the  text,  an  addition  which  will  be  appreciated 
by  all  who  have  frequent  occasion  to  consult  the  work. 
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DESCRIPTION  OF  THE  FRONTISPIECE. 


This  Plate  represents  a  front  Tiew  of  a  Steam-engine  con- 
nected with  a  Sugar-Mill,  as  constructed  by  Messrs  Taylor 
and  Martineau,  who  have  kindly  permitted  our  draftsman  to 
make  a  drawing  of  it. 

This  Engine,  being  only  twelve  times  larger  than  the  draw- 
ing, is,  from  its  compactness  and  simplicity  of  construction, 
pecaliarly  applicable  to  most  of  the  manufactures  round  the 
metropolis,  where  power  of  a  moderate  amount  is  in  general 
required. 

It  works  horizontally,  at  from  30  to  40  lbs.  pressure  per 
square  inch,  without  condenser,  having  metallic  pistons  and 
slide-valves,  and  only  requires  eight  screw-bolts  to  fasten  it 
to  oak  sleepers,  or  frame-work  of  moderate  scantling. 

A  is  a  crank  connected  with  the  piston-rod,  which,  as  it  works  in  the  cy- 
linder horizontally)  cannot  be  seen.  B  is  the  cylinder,  into  which  steam  is 
admitted  from  the  boiler,  by  means  of  the  pipe  C  C  C  The  amount  of 
steam  flowing  into  the  cylinder  is  regulated  by  the  throttle  valve  at  D, 
which  is  opened  and  shut  at  proper  intervals  by  the  rod  BEE.  F  F  is  the 
governor,  or  regulator,  consisting  of  two  heavy  balls,  with  the  sliding  collar 
a,  suspended  from  the  top  of  a  vertical  spindle  bb  aX  the  aids  c  This  spin- 
dle is  connected  with  the  main  shaft,  by  a  strap  passing  over  the  sheeves 
or  puUies!,  G  G  G,  which  cause  it  to  revolve  ;  and  as  its  speed  varies  with 
that  of  the  main  shaft,  the  governors  F  F,  according  as  its  speed  increases 
or  decreases,  have  a  tendency  either  to  fly  from,  or  approach  to,  the  spindle. 
This  rise  or  depression  of  the  governor  affects  the  roa  E  £  E,  to  which  it  is 
coimected,  and  regulates  the  quantity  of  steam  flowing  from  the  boiler  into 
the  cylinder. 

H  IS  a  piece  to  connect  the  top  part  of  the  piston-rod  with  the  rod  I,  so 
that  by  me  motion  of  the  crank  the  rod  I  is  also  moved,  which  rod  moves 
the  slide  valves  in  the  cylinder  K.  By  the  action  of  these  valves,  steam  is 
alternately  admitted  on  the  opposite  sides  of  the  piston ;  and  as  the  engine 
does  not  condense  its  steam,  there  are  two  pipes,  placed  one  at  each  erid 
of  the  cylinder,  to  carry  it  off.  One  of  these  pipes  is  seen  at  N.  When  the 
piston  has  been  driven  by  the  force  of  the  steam  to  the  other  extremity  of 
the  cylinder,  the  steam,  by  the  action  of  the  slide  valves,  is  shut  off  from 
this  end,  and  allowed  to  flow  into  the  opposite  end  of  the  cylinder ;  the  ori- 
fice of  the  pipe  N  being  at  the  same  time  opened,  the  steam  at  this  end  is, 
by  the  returning  action  of  the  piston,  driven  through  the  pipe  N,  and  con- 
veyed away  under  ground,  leaving  this  end  of  the  cylinder  ready  for  a  fresh 

The  power  generated  by  this  simple  arrangement  is  made  to  efiect  the  re- 
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XVlll 

auired  purpose  by  means  of  the  shtftin^  O  O  O.  On  this  shafting,  at  a  little 
distance  from  the  engine,  is  an  eccentnc,  L,  to  raise  the  rod  M,  to  pump 
water  into  the  boiler  when  required  :  and  at  neady  the  further  .end  of  the 
shafting  is  another  eccentric,  W,  which  imparts  motion  to  the  rod  Y,  for 
thepurpose  which  we  shall  her^kfter  describe. 

The  rotatoiy  motion  which  the  crank  has  received  from  the  enrine  is 
imparted  to  the  shafting,  to  the  eccentric  L,  the  coupling-box  d,  the  fly- 
wheel P,  the  eccentric  W,  and  the  pinion  Q,  which  plays  in  the  large  cog^ 
wheel,  R,  on  the  shaft  S,  and  thence  is  imparted  to  the  rollers  of  a  sugar- 
mill,  which  rollers  are  moved  at  equal  speeds  by  the  pinions  U  U. 

In  this,  and  most  other  Saffar-millsy  there  are  three  rollers, 
two  at  the  bottom,  and  one  Tying  between  the  other  two  at 
the  top.  Through  these  rollers  sugar-canes  are  passed,  and 
the  compressed  juice  falls  into  a  receiver,  from  whence  it  is 
pumped,  by  the  movement  of  the  rod  V,  into  a  copper,  or 
other  receiver.  At  that  part  of  the  shafting  marked  e  «,  suf- 
ficient space  is  left  to  allow  of  play  when  the  canes  are  passed 
through  the  rollers,  otherwise  the  shafting  would  be  very  apt 
to  snap  and  be  destroyed. 
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DIRECTIONS  TO  THE  BINDER. 


Plaie  1  to  &ee  Page  2  Vol.  I. 
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7     62  «« 

8 74  " 

9     86  « 

10     94  « 

11     112  •• 

12    124  " 

18     180  «< 

14    1S4  " 

16     186  «« 

16    142  " 

IT    148  « 

18    162  « 

19    168  ** 

20 174  •* 

21    178  " 

22    184  •« 

28    206  •• 

24    214  " 

25    215  •« 

26    280  " 

27    240  " 

28    248  «< 

29    258  •« 

JO    262  « 

81    264  «< 

32    . 268  «* 

88    272  " 

84    276  *' 

85    282  •« 

85* 284  " 

86    294  " 

86* 298  " 

87    802  " 

88    807  " 

89    811  " 

40* 812  •« 

40    816  " 

41    815  *« 

42    826  " 

48    828  «« 

44    880  « 

^.A m  " 

46    292  » 
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Plate  47  to  face  Page  842  Vol.  I. 
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58  402  «< 
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66  10  «« 
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70  442  " 
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78  102  " 

79  104  •« 
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86 154  «• 

87  160  " 
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N.  B.  Tbo  aotbor  would  adviae  jocb  of  the  porefaaaers  aa  intend  to  have  the 
woHl  bonndt  to  have  the  phUea  pot  in  a  eftpanrte  Tolume. 

«  PlalM.67  and  68,and  phito  96  tud  plate  98  muat  be  goarded. 
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ERRATA  IN  VOL.  I. 

Page   61  line  12,  for  H,  read  A. 
*<      68  line  17, 19, 2&,  for  left,  raad  right. 

and  line  18,  for  right  read  left. 
"  112  line  4,  for  116,  read  94. 
«  174  line  16,  for  F  M,  read  fro. 
**  278  line  25,  for  271  read  272. 
**  802  in  line  11,  add,  and  802,  a  aide  view. 
«  808  line  9, 10,  and  26,  for  801  read  802. 
''  804  line  29,  for  802,  read  801. 
«  880  line  82,  for  806,  read  808. 
«<  406  line  4,  for  426,  read  426. 
**  410  (oline  26,  add,  fig.  486. 
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THE 

OPERATIVE 

MECHANIC  AND   MACHINIST. 


OF  THE  ACTION  OF  FORCES. 

All  matter  is  continually  under  the  operation  of  forces, 
which,  if  acting  upon  it  equally,  and  in  opposite  ^directions, 
maintain  it  in  a  state  of  rest.  But  if  a  newly  created  force 
act  upoa  a  body  in  such  a  direction,  and  to  such  an  extent, 
as  to  overcome  the  forces  under  whose  action  that  body,  in 
cooNDOii  with  all  other  matter,  exists,  the  result  will  be  mo- 
tion communicated  to  that  body;  and  in  an  exact  proportion 
as  that  newly  created  force  exceeded  the  amount  of  forces 
that  were  previously  acting  upon  it  in  the  opposite  direction. 
For  example,  if  a  man  lift  a  pound  weight  three  feet  from 
tbe  ground,  the  aoiount  of  motion  created  by  that  action  is 
exeStilj  equal  to  the  amount  his  newly  created  force  exceeded 
tbe  force  of  gravity  or  weight  which  acted  on  the  matter : 
for  if  hia  force  bad  not  exceed  the  force  of  gravity,  it  is 
maaifest  that  that  motion  could  not  have  been  created ;  and 
if  the  force  of  gravity  had  not  existed,  it  is  again  manifest 
that  tbe  amount  of  motion  would  be  exactly  in  proportion 
to  the  amount  of  the  whole  of  the  force  he  had  applied. 
Again,  if  his  force  only  exactly  equalled,  and  did  not  exceed 
the  force  of  gravitation,  motion  could  not  have  taken  place, 
and  the  body  would  have  remained  at  rest. 

This  state  of  rest,  maintained  by  the  contrary  action  of 
two  equal  forces  upon  a  body,  is  called  equilibrium.  But 
the  term  equilibrium  is  most  commonly  applied  when  one 
or  more  bodies  are,  by  the  mere  force  of  gravitation,  main- 
tained in  a  state  of  quiescence,  or  rest :  thus,  if  a  bar  of 
iroB,  AB,  fig.  I,  is  supported  at  its  centre  C,  it  will  balance, 
or  remain  horizontal,  as  the  quantity  of  matter  in  C  A  is 
exactly  equal  to  that  in  C  B,  and  the  amount  of  the  gravi- 
tating force  proportional  to  the  quantity  of  matter  that  is  in 
each  arm  of  the  bar :  likewise,  if  a  ball.  A,  fig.  2,  be  acted 
upon  by  a  force  at  B,  and  by  another  force,  exactly  equal, 
at  C,  the  ball  A  will  be  maintained  in  a  state  of  quiescence, 
termed  equilibrioos. 
A 
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2  THE  OPERATIVE  MECHANIC 

In  the  common  operations  of  mechanics,  the  former  state 
of  equilibrium  frequently  occurs;  the  latter  rarely,  and 
never  with  any  permanent  duration ;  by  the  term  equili- 
brium, therefore,  in  general,  is  understood,  the  position  first 
cited. 

Upon  duly  considering  that  matter,  when  between  forces 
acting  in  opposite  directions,  is  in  a  state  of  equilibrious 
quiescence,  it  will  be  manifest,  that  motion  cannot  be 
obtained  without  destroying  the  equilibrium.  It  must 
not  therefore  be  supposed,  that  the  forces  of  gravitation 
or  adhesive  attraction  can  produce  motion,  as  has  been 
erroneously  urged  by  some,  but  rather  that  all  the  mo- 
tion these  powers  are  capable  of  producing  was  primarily 
exerted  to  bring  matter  into  that  state  of  equilibrium  in 
which  we  find  it.  Wherever  that  equilibrium  is  disturbed 
by  extraneous  causes,  the  resultant  motion,  attainable  by 
such  disturbance  of  the  general  equilibrium,  has  long  since 
been  known,  and  applied  to  useful  purposes.  We  may  with 
propriety,  therefore  deduce  from  these  considerations,  the 
perfect  fallacy  of  that  most  ruinous  and  speculative  notion 
of  a  perpetually  moving  force.  Many  who  have  wasted 
their  time  in  attempts  to  attain  that  object,  have  either  sup- 
posed that  the  force  of  gravitation  could  obtain  motion,  or 
that  motion  once  obtained  could  of  itseirincrease  its  force ; 
which  was  about  as  rational  as  to  suppose  that  any  substance 
could  of  itself  increase  its  own  bulk.  The  powers  with 
which  nature  has  supplied  us,  have,  as  far  as  we  are  aware 
of,  been  already  applied ;  and  should  there  be  others  existing 
of  which  we  are  ignorant,  or  which  we  have  not  reduced  to 
our  command,  the  search  for,  and  development  of  such 
objects,  are  praiseworthy  and  valuable :  but  let  us  with  con- 
fidence hope,  that  the  labours  of  ingenuity  will  no  longer 
be  drawn  aside  from  the  paths  of  prolific  study,  by  this  de- 
structive phantasy. 

Returning  from  this  digression,  when  a  body  is  operated 
upon  by  a  force,  and  acquires  motion,  that  motion,  taking 
into  account  the  amount  of  space  through  which  the  body 
passes  in  a  given  time,  is  called  the  vdocity  of  the  body; 
and  according  as  the  extent  of  distance  increases  or  de- 
creases in  a  greater  or  less  period  of  time,  the  velocity  is 
said  to  increase  or  decrease. 

If  a  force  acting  upon  any  body,  and  causing  motion, 
shall  continue  to  act  upon  it  in  the  same  direction,  so  as 
to  continue  to  increase  that  motion,  the  body,  under  such 
circumstances,  is  said  to  attain  acoderaied  vdocity.     And 
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AND  MACHINIST.  3 

if  a  body  be  put  in  motion  by  a  certain  force,  and  another 
force  operate  upon  it  in  a  contrary  direction,  so  as  to  tend 
to  bring  it  to  a  state  of  equilibrium,  such  motion  is  called 
retarded  motion.* 

*  The  stmplest  example  of  accelerated  motion,  is  exhibited  in  the 
action  of  the  force  of  g^vitation  upon  a  falling  body,  where  the  force 
continues  to  act  during*  its  descent,  and  reetilarly  increases  in  velocity ; 
10  that  if  a  body  A,  fig.  3,  be  allowed  to  fall  from  that  position  towainis 
the  earth,  it  will  pass  through  sixteen  feet  during  the  first  second  of 
time,  forty-eight  feet  during  the  next,  and  eighty  feet  during  the  third. 
Had  its  motion  been  regular  during  these  three  seconds  of  time,  it  would 
have  passed  through  only  three  times  sixteen,  or  forty-eight  feet,  whereas 
H  has  passed  through  one  hundred  and  forty-four  feet  by  reason  of  the 
force  which  first  caused  its  motion  continuing  to  act  upon  it  Now  as 
its  velocity  increases  regularly,  we  may  conclude,  that  during  the  per- 
formance of  the  first  half  of  the  sixteen  feet,  it  was  not  proceeding  at  the 
rate  of  sixteen  feet  per  second ;  and  if  we  suppose  it  was  proceeding 
only  at  half  that  velocity,  then  it  must  have  travelled  through  the  second 
half  at  the  rate  of  thirty-two  feet  per  second  ;  or,  if  the  first  eight  feet 
took  three-quarters  of  the  second,  the  second  eight  feet  must  have  been 
performed  in  the  remaining  quarter,  therefore,  when  the  body  arrived  at 
B,  it  would  be  proceeding  at  the  rate  of  thirty -two  feet  per  second ;  to 
which,  if  we  add  the  force  that  continues  to  urge  it  at  the  rate  of  sixteen 
feet  per  second,  it  will  exhibit,  for  the  second  space,  a  velocity  of  forty- 
eight  feet  per  second:  and  if  for  the  third  space  we  double  its  increasing 
velocity  of  thirty-two  feet,  and  add  that  created  by  the  continued  force, 
we  ihaU  have  twice  thirty-two,  and  sixteen,  are  eighty,  which  is  the 
result  of  experiment  The  velocity  of  bodies  under  the  continuous  action 
of  any  given  force,  will,  it  appears,  increase  as  the  odd  numbers  1,  3,  5, 
7,  9,  &c.  that  is,  sixteen  feet  during  the  first  second,  thrice  sixteen  feet 
daring  the  next  second,  five  times  sixteen  during  the  third  second,  and 
10  on ;  or,  as  the  relative  portions  of  the  superficial  space  under  equal 
parts  of  the  perpendicular  in  a  right  angled  triangle,  as  represented  at 
fig.  3:  where  0  to  1  represents  the  first  second  of  time,  1  to  2  the  second, 
anid  2  to  3  the  third.  It  will  be  perceived,  that  under  each  of  these  por- 
tions, the  n>ace  contained  in  the  triangle  will  be  as  1,  3,  5 ;  such  is  uniform 
accelerated  motion.  But  if  the  continuous  force,  which  has  been  shown 
to  increase  the  velocity,  vary  in  its  action  upon  the  body,  it  b  plain  the 
increase  will  be  no  longer  uniform. 

From  a  clear  comprehension  of  the  acceleration  of  motion  in  bodies, 
the  retardation  of  motion  will  be  easily  conceived:  for  example,  if  a 
body  be  cast  perpendicularly  from  the  earth,  as  in  the  firing  of  a  shot 
fivm  a  cannon  upwards,  the  force  of  the  powder,  overcoming  the  force 
of  gravitation,  will  cause  the  ball  to  rise  with  a  certain  velocity,  whilst 
that  attraction  continuing  to  operate  in  the  opposite  direction,  checks 
by  regular  gradations  the  created  force,  and  eventually  destroys  it 
llms  the  distance  which  the  shot  would  have  accomplished  during  the 
first  second  of  time,  is  reduced  by  sixteen  feet;  that  which  it  would 
have  accomplished  during  the  next  second,  by  forty-eight;  and  so  on 
ontil  the  created  power  is  counterbalanced  by  the  force  of  gravity,  and 
the  ball  arrives  at  a  state  of  rest ;  when  the  force  of  gravity  acting  upon 
it  solely,  will  cause  it  to  move  in  the  opposite  direction,  tiU  it  descends  to 
the  earth. 
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When  a  ball  attached  to  a  centre  by  a  flexible  cord,  is 
put  in  motion  by  any  one  force,  which,  in  common  with  all 
other  forces,  actg  in  a  right  line,  the  motion  will  be  circular. 
The  tendency  which  such  body  has  to  fly  from  the  centre, 
is  called  the  centrifugal  force  ;  and  that  exerted  by  the  cord 
to  draw  it  towards  the  centre,  the  centripetal  force. 

When  a  body  is  set  in  motion  by  any  force,  it  is  enabled, 
to  a  certain  extent,  to  act  on  other  bodies,  and  create 
motion  in  them ;  and  as  the  velocity  it  obtained  was  as 
the  power  expended  to  create  that  motion,  so  is  the  power 
of  transmitting  that  motion  to  its  velocity.  This  power 
of  communicating  motion,  or,  in  other  words,  this  force 
possessed  by  matter  in  motion,  is  termed  momentum^  or 
the  moving  force;  and  the  mode  of  transmitting  it  impact: 
as  this  force  is  proportional  to  the  velocity  possessed  by 
every  particle  of  matter  composing  any  bo-dy,  the  mo- 
mentum must  be  represented  by  the  quantity  of  matter 
multiplied  by  its  velocity.  For  instance,  suppose  one  hun- 
dred particles  of  matter  were  moving  at  the  rate  of  one  foot 
per  second,  the  power  requisite  to  overcome  their  force  is 
exactly  the  same  as  that  which  would  be  necessary  to  arrest 
the  motion  of  one  fmrticle  moving  at  the  rate  of  one  hundred 
feet  per  second :  for  the  velocity  of  the  hundred  particles 
being  one  foot  per  second  each,  their  total  force  would  be 
the  force  existing  in  one  of  them  multiplied  by  one  hundred: 
and  again,  as  the  force  is  in  proportion  to  the  velocity,  one 
particle  moving  at  the  rate  of  one  foot  per  second,  multiplied 
by  one  hundred  in  regard  to  velocity,  will  produce  a  similar 
result.  Also,  if  a  body  of  one  pound  weight  be  moving  at 
the  rate  of  one  foot  per  second,  it  will  possess  a  certain 
mamenttnn^  and  if  either  its  weight  or  its  velocity  be  doubled, 
its  momentum  will  be  likewise  doubled  :  if  both  be  doubled, 
the  momentum  will  be  quadrupled. 

Having  now  considered  the  action  of  one  and  two  forces 
acting  together  in  opposite  and  similar  directions,  we  will 
proceed  to  examine  the  action  of  two  forces  upon  a  body, 
acting  neither  in  the  same,  nor  in  contrary  directions.  Thus, 
if  the  line  A  B,  fig.  4,  represent  a  force  sufiicient  to  carry 
the  body  A  to  the  point  B,  and  A  C  represent  another 
force  suflicient  to  carry  the  body  A  to  the  point  C,  then 
A  C  and  A  B  being  equal  to  C  D  and  B  D,  and  those  two 
forces  act  upon  the  body  subsequently  to  each  other,  we 
may  conceive  that  the  body  would,  by  passing  over  the 
lines  A  B  and  B  D,  or  A  C  and  C  D,  be  carried  to  the  point 
D.     Now,  if  they  act  upon  the  body  at  the  same  instant. 
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the  result  will  be  the  same,  and  the  total  expenditure  of  the 
forces  will  place  the  body,  passing  by  the  line  A  D,  at  the 
point  D.  Likewise,  if  the  forces  A  B  and  A  C  be  not  at  right 
angles,  as  in  fig.  5,  still  as  C  D  and  B  D  are  equal,  and  in 
similar  directions  to  A  B  and  A  C^  the  motion  receifed  from 
them  by  A  will  be  represented  in  amount  and  direction  by 
the  line  A  D.  But  supposing  A  B  shall  be  twice  or  thrice 
the  power  of  A  C,  then  the  effect  will  be  the  same  as  is  shown 
in  fig.  6,  where  the  line  A  B  represents  thrice  the  power  of 
A  C.  The  separate  actions  of  A  B  and  A  C  will  be  repre- 
sented as  before  by  B  D  and  C  D,  which  would  place  the 
body  A  at  the  point  D^  therefore  their  combined  force  will 
cause  it  to  pass  by  the  diagonal  line  A  D,  as  in  the  former 
instance.  This  proves  that  any  number  of  forces  acting  upon 
a  body  in  however  many  lines,  not  directly  opposite  to  each 
other,  will  be  compounded  into  one  force :  for  suppose  three 
forces,  A  B,  A  C,  and  A  F,  fig.  7,  to  operate  in  their  several 
directions  at  the  same  instant,  on  the  body  A,  they  will  be 
compounded  into  the  force  represented  by  A  I ;  for  if  we  de- 
scribe a  parallelogram  as  before  by  the  lines  A  B  and  A  C, 
those  two  forces  will  be  compounded  into  a  force  represented 
by  A  D ;  and  again,  if  we  do  the  same  with  the  two  forces 
A  C  and  A  F,  we  shall  have  the  force  A  H  composed  of 
them.  We  have  therefore  two  forces  A  D  and  A  H  com- 
pounded of  the  three  original  forces.  If  we  proceed  with 
these  two  in  the  same  manner,  they  will  be  compounded  into 
the  force  represented  by  A  I ;  D  I  and  H  I  completing  the 
parallelogram  of  which  A  I  is  the  diagonal :  so  that  any  num- 
ber of  forces  acting  in  any  number  of  directions,  excepting 
in  opposite  ones,  may  be  compounded  into  one,  which  is 
termed  their  composant,  and  which  is  always  represented  by 
the  diagonal  of  a  parallelogram,  like  that  already  shown, 

The  resolution  of  forces  is  exhibited  by  reversing  this 
problem ;  for  as  any  number  of  forces  may  be  combined  into 
one  force,  so  may  one  force  be  resolved  into  any  number. 
If  a  single  force  be  represented  by  a  ball  moving  with  a  cer- 
tain velocity  in  the  direction  of  the  line  A  B,  fig.  8,  when  it 
shall  come  in  contact  with  and  act  upon  the  balls  C  and  I>, 
these  two  balls  will  each  of  them  move  with  one  half  of  the 
velocity  with  which  B  was  impelled,  and  in  the  direction  of 
the  lines  C  H  and  D  I,  drawn  from  the  centre  of  B  through 
each  of  their  centres :  so  that  if  the  force  of  B  be  divided 
into  two  equal  portions,  each  of  those  portions  may,  by  a 
similar  process,  be  again  divided,  resolving  the  original  force 
to  infinitj. 
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The  next  effect  of  forces  upon  bodies  producing  motion,  is 
that  in  which  a  body  receives  motion  from  one  force,  whilst 
it  is  under  the  continuous  action  of  another  force,  not  acting 
upon  it  in  an  opposite  direction.  Suppose  the  ball  A,  fig.  9, 
to  be  ejected  from  the  mouth  of  a  cannon,  the  instant  it  has 
left  it  at  A,  it  will  be  under  the  influence  of  the  force  of  gra- 
vitation, which  will  cause  it  to  descend  towards  the  earth  in 
the  manner  already  shown  when  speaking  of  accelerated  mo- 
tion, and  ultimately  will  bring  it  to  a  state  of  rest  at  the  point 
B:  for  supposing  that  the  ball,  by  the  force  of  the  powder, 
leaves  A,  and  travels  in  the  first  second  of  time  a  given  num* 
ber  of  feet,  expressed  by  the  line  A  C,  the  gravitating  force 
during  such  action  will  cause  it  to  descend  sixteen  feet,  ex- 
pressed by  the  line  C  D;  and  during  the  next  second,  sup- 
posing the  powder  to  have  impelled  it  the  distance  expressed 
by  the  line  D  E.  the  gravitating  force  will  cause  it  to  fall 
forty-eight  feet,  as  is  shown  by  E  F;  and  during  the  next 
portion  of  its  horizontal  motion,  expressed  by  F  G,  its  de- 
scent by  gravitation  will  amount  to  eighty  feet,  represented 
by  G  B.  The  line,  therefore,  in  which  the  body  would  move 
when  acted  upon  by  these  two  forces  only,  would  be  that  of 
a  parabolic  curve;  but  as  the  resistance  of  the  air  is  to  be 
taken  into  account  in  all  practical  cases,  the  line  of  motion 
changes  very  considerably,  and  assumes  one  that  involves  a 
problem  of  exceeding  complexity ;  which,  together  with  many 
other  results  of  the  effects  of  combined  forces,  is  of  such  in- 
tricacy as  to  demand  much  more  room  for  their  solution  than 
the  limits  of  this  work  will  permit  us  to  give. 

OF    FRICTION. 

The  surfaces  of  bodies,  however  smooth  they  may  appear 
to  be,  will  be  found,  upon  a  minute  inspection,  to  possess 
certain  irregularities :  so  that  if  the  body  A  B,  fig.  10,  have 
to  move  upon  the  surface  of  the  body  C  D,  and  the  lower 
surface  of  A  B  possesses  prominences  which  enter  into 
cavities  in  C  D,  it  is  manifest  that  A  B  cannot  be  moved 
along  unless  it  either  rises  and  falls  the  height  of  the  several 
prominences,  or  breaks  them  off:  in  the  first,  it  will  have 
to  overcome  the  attraction  of  gravitation ;  in  the  second,  the 
attraction  of  cohesion.  Again,  if  the  body  A  B,  fig.  II, be 
placed  between  C  D  and  E  F,  which  are  pressed  against  its 
sides  by  any  applied  force,  and  their  surfaces  be  similar  to 
those  in  the  former  instance,  to  effect  the  movement  of  A  B, 
the  attraction  of  cohesion  roust  be  overcome,  as  before 
shown,  or  the  applied  force  must  be  conquered.     Such  is  the 
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almost  universal  nature  of  that  resistance  called  friction;  for 
although  the  irregularities  upon  the  surfaces  of  bodies  are  by 
no  means  so  manifest  as  those  here  represented,  still,  upon 
minute  examination,  we  are  enabled  to  discover  that  the 
smoothest  surfaces  contain  them ;  and  as  the  amount  of  resist- 
ance iDcreases  in  direct  proportion  as  the  irregularities  pre- 
sent themselves,  we  are  warranted  in  concluding  that  all  resist- 
ance arising  from  friction  owes  its  origin  solely  to  this  cause. 

OF    THE    MECHANICAL    POWERS. 

The  mechanical  powers  are  six  in  number,  the  lever, 
the  WHEEL  and  axle,  the  pullev,  the  inclined  plane,  the 
WEDGE  and  the  screw.  A  perfect  knowledge  and  thorough 
appreciation  of  which  should  be  clearly  understood  by  those 
who  purpose  to  examine  into  the  effects  of  mechanical  com- 
binations ;  the  whole  of  which,  however  intricate,  originate 
from,  and  are  reducible  to,  one  or  more  of  the  laws  which 
govern  these  simple  machines. 

In  demonstrating  the  mechanical  powers,  that  which  is  not 
strictly  true  must  be  admitted :  the  force  of  gravitation,  the 
retardation  of  friction,  the  resistance  of  the  atmosphere, 
and  the  irregularity  arising  from  the  partial  elasticity  of  the 
substances  of  which  they  are  formed,  must  be  excluded,  and 
supposed  not  to  exist. 

The  first-mentioned  power  is  the  lever,  which  is  divided 
into  three  classes.  In  fig.  12,  A  B  is  a  lever,  and  C  the 
fulcrum,  or  immovable  point  on  which  it  rests:  now,  if 
a  force  be  applied  at  B,  and  the  resistance,  or  the  force  or 
weight  to  be  overcome,  is  at  A,  then,  with  the  fulcrum  so 
situate  between  the  forces,  it  is  called  a  lever  of  the  first 
class ;  and  the  operation  of  the  force  at  B  to  overcome  the 
resistance  at  A,  will  be  in  proportion  as  the  distance  A  C  is 
to  the  distance  B  C ;  that  is  to  say,  if  B  C  be  four  times  the 
distance  of  A  C,  the  force  applied  at  B  will  be  exactly  equal 
to  four  times  the  same  amount  of  force  at  A ;  or  one  pound 
weight  at  B  will  counterbalance  four  pounds  weight  at  A ; 
but  to  whatever  height  (suppose  one  foot)  the  weight  at  A 
be  raised,  B  must  descend  four  times  ^at  space,  and  conse* 
quently,  to  place  B  in  its  original  position,  the  force  applied 
must  be  equal  to  the  raising  of  four  single  pounds  one  foot 
each,  which  is  the  same  as  the  raising  of  four  pounds  one 
foot,  as  was  effected  at  A. 

An  actual  gain  of  power  does  not  exist,  but  the  gain  in 
convenience  is  great ;  for,  by  the  operation  of  one  pound, 
four  pounds  is  moved,  which,  but  for  the  invention  of  the 
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lever,  could  not  have  been  effected.  A  man  wliose  utmost 
strength  could  lift  no  more  than  one  hundred  and  fifty  pounds 
is  by  this  means  rendered  capable  of  giving  motion  to  four 
times  that  weight,  although  he  is  obliged  to  exert  his  strength 
through  four  times  the  distance.  A  lever  of  the  second 
class  may  be  represented  by  supposing  A  to  be  the  fulcruoi^ 
B  the  force  applied,  and  C  the  weight,  or  resistance  to  be 
overcome.  The  effect  of  this  lever  must  be  estimated  by 
comparing  the  distances  C  B  to  A  B ;  the  power  will  increase 
or  diminish  exactly  in  proportion  as  A  B  exceeds  C  B,  and 
the  distance  that  B  moves  through  will  increase  exactly  in 
the  same  proportion. 

Suppose,  in  reference  to  the  same  figure,  C  to  be  the  force 
applied,  A  the  fulcrum,  and  B  the  resistance,  it  will  then 
represent  a  lever  of  the  third  class.  The  effect  of  levers 
of  this  class  is  to  lose  power  for  the  purpose  of  gaining  either 
motion  or  distance.  For  if  in  the  last  mode,  the  power  ap* 
plied  at  B  increased  as  the  length  of  A  B  became  greater 
than  C  B,  it  is  plain  that  in  the  present  case,  the  resistance 
at  B  is  placed  in  a  position  to  gain  by  the  same  law :  there- 
fore, the  nearer  the  force  is  placed  to  B  the  greater  will  be 
the  effect,  and  when  applied  at  B,  the  greatest ;  but  when 
the  force  is  at  B,  it  is  applied  direct  to  the  resistance,  and 
the  lever  is  abandoned ;  consequently  C,  in  every  position 
between  A  and  B,  loses  power  to  a  greater  or  less  extent. 
As  the  movement  of  C,  in  the  last  case,  was  one-half  that 
of  B,  so  in  the  present  case  will  the  movement  of  B  be  twice 
that  of  C. 

In  particular  operations,  levers  of  each  of  these  classes 
have  their  particular  uses.  The  simplest  application  of  the 
first  sort  may  be  seen  in  scissors,  shears,  forceps,  &c.  the 
pin  in  the  joint  is  the  fulcrum,  the  hand  is  the  force  applied, 
and  the  substance  to  be  cut  or  pinched  is  the  resistance  to 
be  overcome ;  the  second  sort  of  lever  is  presented  to  us  in 
the  cutting  knives  used  by  last  makers,  where  the  hand  is 
the  power,  the  ring  into  which  the  other  end  of  the  knife 
is  hooked  is  the  fulcrum,  and  the  object  to  be  cut  is  the 
resistance.  Common  fire-tongues  are  levers  of  the  third 
class,  as  they  possess  a  capability  of  being  extended  at  the 
extremities :  in  using  them  the  motion  of  the  hand  produces, 
perhaps,  six  times  its  own  motion  in  the  extremities,  and  a 
loss  of  power  exists  in  a  similar  proportion ;  but  as  they 
have  to  be  used  only  for  a  short  period,  the  loss  of  power 
is  of  less  importance  than  the  convenience  gained.  This 
last  class  of  lever  is  frequently  introduced  in  machinery, 
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for  the  purpose  of  obtaining  a  rapid  motion ;  and  as  the  same 
object  has  been  aimed  at  in  the  construction  of  almost  all 
animals,  we  find  that  nature  has  introduced  it  most  fre- 
quently. 

We  have  considered  the  operations  of  the  lever  by  the 
different  dispositions  of  the  acting  and  resisting  forces  and 
the  fulcrum,  under  the  supposition  that  the  lines  of  the 
direction  of  the  forces  were  at  right  angles  to  the  arms  on 
which  they  operated,  or  formed  tangents  to  the  arcs  which 
the  movements  of  those  arms  described ;  but  if  we  alter  the 
form  of  a  lever  from  that  of  a  right  line,  and  the  two  forces 
still  maintain  their  parallel  direction,  the  action  on  their 
respective  arms  will  be  no  longer  at  right  angles,  and  their 
effects  will  in  consequence  be  varied ;  the  mode  of  estimating 
those  effects  must  be  also  changed.  Fig.  13,  A  B  C  repre- 
sents a  bent  lever  resting  upon  its  fulcrum  B,  and  having 
appended  to  each  of  its  arms  the  weights  D  and  E,  which 
are  equal  to  each  other  and  in  equilibrium,  notwithstanding 
the  arm  B  A  is  longer  than  the  arm  B  C.  Draw  the  hori- 
zontal line  6  H,  passing  through  the  fulcrum  B,  then  the 
weights  D  and  £  acting  in  perpendicular  lines,  we  may 
imagine  that  D  is  suspended  at  the  point  I,  and  E  at  the  point 
K,  at  which  points  they  will  operate  similarly.  Suppose  K I 
to  be  the  lever,  the  arms  I  B  and  B  K  will  then  be  equal, 
and  if  their  distances  are  multiplied  into  E  and  D,  which 
are  equal  forces,  their  effects  will  be  equal.  The  action  of 
parallel  forces  upon  levers,  that  do  not  receive  the  action  at 
right  angles  to  their  respective  arms,  should  be  estimated 
by  the  force  multiplied  into  a  line  drawn  from  the  fulcrum, 
perpendicular  to  the  line  of  direction  of  each  respective  force; 
and  whatever  may  be  the  form  of  the  lever,  it  is  apparent, 
that,  if  the  lines  of  direction  vary  from  being  tangents  to  the 
arcs  described  by  its  arms,  their  effects  must  be  estimated  by 
the  length  of  perpendiculars  let  fall  upon  the  lines  of  direc- 
tion in  a  similar  manner.  Recurring  to  fig.  13,  it  will  be 
seen,  that  if  the  arm  B  A  rise  to  the  position  B  L,  the  perpen- 
dicular B  I,  if  allowed  to  fall  upon  the  line  of  direction,  will 
be  increased  from  B  I  to  B  M,  and  that  the  effect  of  the  force 
D  over  £  will  be  augmented.  This  peculiarity  is  brought  into 
operation  in  a  balance  that  has  a  graduated  scale  on  an  arc, 
as  A  6,  the  divisions  of  which  arc  decreases  as  it  rises  in 
80ch  a  manner  as  to  exhibit,  by  the  movement  of  A,  equal 
portions  of  force  acting  upon  E. .  There  is  however  a  case 
of  common  occurrence,  namely,  that  of  drawing  a  nail  with 
the  fang  of  a  hammer,  wherein  the  effects  of  the  applied  and 
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resiiting  forees,  being  the  hand  and  the  nail,  althoagh  acting 
with  a  lever  bent  at  right  angles,  still  operate  as  though  the 
lever  were  straight;  for  the  direction  of  the  forces  being 
changed  to  the  exact  amount  of  the  same  angle  as  that  to 
Which  the  lever  is  bent,  they  continue  to  act  at  right  angles 
to  their  respective  arms,  which  arms  will  consequently  repre- 
sent perpendiculars  let  fall  from  the  fulcrum  on  their  respec- 
tive lines  of  direction. 

The  principle  of  the  bent  lever  is  not  unfrequently  intro- 
duced into  machinery  in  order  to  gain  a  greater  degree  of 
power.  Suppose  ABC,  fig.  14,  to  represent  a  bent  lever 
moving  on  its  fulcrum  B,  the  operating  force  at  A  acting  in 
the  direction  of  A  D,  and  the  resistance  at  C  in  the  direc- 
tion C  E :  now,  as  the  line  of  direction  of  the  force  C  falls 
upon  the  fulcrum,  it  is  evident,  that  no  perpendicular  can  be 
let  fall  from  the  fulcrum  upon  it,  and  consequently,  the  power 
of  C  can  be  nothing  in  comparison  to  that  of  A,  whose 
perpendicular  upon  its  line  of  direction  is  B  A ;  for  the  in- 
stant the  lever  begins  to  move,  suppose  to  A  1,  C  1,  then  the 
perpendicular  on  the  line  of  direction  of  the  force  C,  as- 
sumes a  mensurable  form,  as  B,  B  1,  whilst  the  power  of  A 
has  only  decreased  from  B  A  to  B  F.  From  this  it  will  be 
seen  that  at  the  commencement  of  the  action  of  A,  its 
power  over  C  was  indefinite,  but  instantly  after  the  com- 
mencement of  that  action  by  the  movement  of  C  out  of  the 
perpendicular  E  B,  resistance  likewise  commenced,  as  the 
perpendicular  from  the  fulcrum  then  assumed  a  mensurable 
an)ount. 

THE  WHEEL  AND  AXLE. 

The  next  simple  machine  classed  as  a  mechanical  power, 
is  termed  the  wheel  and  axle,  and  is  represented  at  fig.  15. 
A  the  wheel,  B  a  circular  bar  called  the  axle,  both  turning 
upon  one  centre,  at  C.  In  general,  the  force  is  applied  by 
fixing  a  rope  to  the  outer  rim  of  the  wheel,  as  represented 
by  D,  whilst  the  resistance,  or  the  weight,  or  force  to  be 
overcome,  is  represented  by  £,  attached  by  a  rope  to  the 
axle.  By  a  simple  analysis,  this  machine  will  be  found  to 
be  merely  a  method  of  obtaining  a  continual  action  of  levers 
of  the  first  class ;  for  if  we  suppose  the  radius  of  the  wheel 
to  be  the  longer  arm  of  the  lever,  the  radius  of  the  axle  the 
shorter  arm,  and  the  centre  on  which  they  turn  the  fulcrum^ 
we  have  a  lever  of  the  first  class;  but  from  these  two  mem- 
bers being  circular,  their  radii  are  an  indefinite  number  of 
levers,  and,  by  the  revolving  of  the  wheel,  a  number  of 
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levers  of  this  class  are  continually  brought  into  operation. 
The  effective  power  of  the  wheel  and  axle  must  therefore  be 
calculated  by  the  same  mode  as  a  lever  of  the  first  class ;  for 
as  the  radius  of  the  wheel  exceeds  that  of  the  axle,  so  in- 
creases the  powers  and  so  increases  the  distance  that  tb^ 
operative  force  has  to  pass  through. 

The  wheel  and  axle  is  applied  in  the  apparatus  for  raisiog 
water  from  wells,  and  isintroduccd  in  many  machines,  wbicio 
shall  be  ahown  as  we  proceed. 

THE  PULLET. 

The  pulley,  represented  at  fig.  16,  is  the  third  mechanic 
power.  It  is  of  a  circular  form,  fixed  upon  a  pin  that  runs 
through  its  centre  at  C,  and  round  which  it  revolves.  The 
mode  of  applying  the  pulley  is  by  placing  a  rope  over  its 
outer  rim,  to  the  extremities  of  which,  at  A  and  B,  the  force 
to  be  applied,  and  the  weight  or  resistance  to  be  overcome, 
are  indiscriminately  attached,  the  centre  C  being  supported 
by  the  strap  D.  The  operations  of  this  instrument  are  re- 
ferable also  to  the  action  of  a  lever  of  the  first  class ;  the 
pin  on  which  it  revolves  is  the  fulcrum,  and  the  radii  of  the 
circle  £  F  the  two  arms,  which,  being  equal,  no  augmenta- 
tion or  dimiqution  of  power  can  arise. 

When  used  in  this  manner,  the  pulley  is  but  a  method 
of  altering  the  direction  of  the  applied  force.  But  if  in- 
verted, as  shown  in  fig.  17,  where  the  end  of  the  line  A  is 
attached  to  a  fixed  point,  the  weight  or  resistance  being 
at  C,  and  the  applied  force  acting  upwards,  the  line  from 
A  being  permanently  fixed,  it  will  become  a  fulcrum;  and 
the  horizontal  radii  of  the  circle  assume  the  position  of 
that  of  a  lever  of  the  second  class ;  which  gains  in  power  as 
the  respective  forces  of  application  and  resistance  are  distant 
from  the  fulcrum }  as  B,  for  instance,  is  twice  as  far  from  A 
as  C,  the  weight  or  force  applied  at  B  will  raise  twice  its 
weight  at  C. 

The  combined  action  of  several  pullies  is  called  a  tackle, 
see  fig.  18,  where  A  and  B  are  two  pullies  fixed  in  the  posi- 
tion represented,  and  C  D  two  others,  capable  of  being  either 
raised  or  lowered ;  the  rope  E  passes  over  A,  under  D,  over 
B,  and  under  C,  and  is  permanently  fixed  at  F.  It  is  there- 
fore apparent  that  if  the  weight  G  be  suspended  from  the 
centres  of  C  and  D,  (both  of  which  are  in  the  position  de- 
scribed at  fig.  17,)  that  each  of  them  will  divide  its  force  by 
two,  and  that  one  quarter  of  the  weight  G,  placed  at  £,  will 
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counterbalance  G.  The  puUies  A  and  B  being  used  only  to 
change  the  direction  of  the  action. 

The  construction  of  tackles,  consisting  of  four  pullies,  or, 
as  they  are  sometimes  called,  sheeyes,  is  very  similar  to  that 
represented  by  fig.  19. 

For  a  rule  to  estimate  the  force  which  is  necessary  to 
overcome  any  force  acting  at  6,  take  half  the  force  at  G 
and  divide  it  by  the  number  of  lower  pullies  in  the  tackle, 
and  it  will  give  the  amount  necessary  to  connterbalance  it 
at  E. 

THE  INCLINED  PLANE. 

The  inclined  plane  is  the  fourth  mechanical  power.  It  is 
represented  at  fig.  20,  where  A  B  is  supposed  to  be  a  plain 
surface,  supported  at  one  end,  so  that  it  may  lay  obliquely 
to  the  horizon.  By  this  power  a  heavy  weight  can  be  raised 
with  much  less  force  than  would  be  required  to  elevate  it 
perpendicularly.  The  manner  of  using  it  for  the  raising  of 
weights,  is,  to  cause  the  applied  force  to  act  in  a  direction 
parallel  to  the  plane  A  B,  and  in  the  direction  from  A  to 
B,  as  represented  by  the  line  A  E  acting  on  the  body  E ; 
the  power  gained  is  in  proportion  to  the  length  of  the  line 
A  C,  which  is  the  base,  compared  to  the  perpendicular  C  B : 
now  if  A  C  be  twenty  feet,  and  C  B  five,  then  A  C  being 
four  times  C  B,  the  power  gained  will  be  as  four  to  one, 
that  is,  the  force  equal  to  the  raising  of  one  pound  perpen- 
dicularly, will  raise  four  pounds  along  the  inclined  plane  A 
B,  which  being  four  times  the  length  of  C  B,  the  force  will 
have  to  move  through  four  times  the  distance,  as  was  shown 
to  be  the  case  in  the  use  of  the  lever.  This  mechanical  con- 
struction, then,  offers  but  another  mode  of  affecting,  by  the 
application  of  a  small  force  for  a  longer  period  of  time,  that 
which  would  otherwise  require  a  much  more  considerable 
force  to  accomplish  it.  The  power  gained  in  an  inclined 
plane  may  be  always  estimated  by  dividing  the  length  of 
the  base  of  the  plane  by  the  perpendicular  height  of  its  most 
elevated  end.  The  application  of  the  simple  inclined  plane, 
in  mechanical  combinations,  is  not  very  frequent  in  respect 
to  its  power ;  but  its  introduction  is  by  no  means  uncom- 
mon for  the  purpose  of  obtaining  a  regularly  ascending  mo- 
tion. The  gradual  ascent  of  roads  and  railways  to  gain  the 
summits  of  hills,  and  the  slide-ladder  used  by  brewers  in 
loading  and  unloading  their  carts,  are  well  known  applica- 
tions of  its  principle. 
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THE  WEDGE. 

The  fifth  mechanical  pavrer  is  the  wedge;  one  form  of 
which  18  shown  at  fig.  21.  It  operates  in  a  similar  manner 
to  the  inclined  plane;  but  instead  of  the  resistance  or  force 
to  be  overcome  being  moved  along  its  surface,  the  plane 
itseify  which  is  now  called  the  wedge,  is  forced  beneath  the 
object  to  be  raised.  Thus,  if  the  wedge  A  B  move  upon  a 
level  plane  to  the  position  A  1,  the  weight  D  will  be  raised 
from  its  position  to  the  height  D  1 ;  and,  consequently,  will 
pass  over  the  whole  upper  plane  of  the  wedge  A  B,  and  ulti- 
mately attain  the  perpendicular  height  B  C.  If  A  B  be 
divided  by  B  C,  the  quotient,  as  in  the  inclined  plane,  will 
represent  the  power  which  the  wedge  is  capable  of  exerting ; 
or  if  A  B  is  four  times  B  C,  the  power  forcing  forward  the 
wedge  to  A  1  is  capable  of  raising  the  body  D  four  times  its 
own  amount  to  the  position  D  1.  The  wedge  represented  in 
fig.  22  is  most  generally  applied  to  the  purpose  of  dividing 
wood,  where  the  resisting  force  to  be  overcome  acts  on  both 
sides  of  it.  To  estimate  the  amount  of  power  gained  by  this 
form  of  the  instrument,  we  must  consider  it  as  two  inclined 
planes,  ABC  and  C  B  D  conjoined ;  and  as  the  forces  ope- 
rating at  E  and  F  are  equal,  we  shall  have,  as  A  C  is  to  C  B, 
8o  is  the  resistance  F  to  the  force  necessary  to  overcome  it ; 
and  as  the  force  E  and  the  other  portion  of  the  wedge  are 
similarly  opposed,  the  total  A  D  is  to  C  B,  as  the  total  re- 
sistance F  and  E  is  to  the  power  necessary  to  be  exerted  to 
counterbalance  that  resistance ;  or,  as  many  times  as  A  D 
will  go  into  C  B,  so  many  times  may  the  resistance  contain 
the  amount  of  the  applied  force. 

THE  SCREW. 

The  screw  is  the  sixth  and  last  of  the  mechanical  powers. 
In  the  manner  of  its  construction  it  is  in  general  said  to  bear 
reference  to  an  inclined  plane  wound  about  a  cylinder ;  but 
as  the  power  of  the  inclined  plane  corresponds  with  that  of 
the  w^ge,  and  the  mode  of  applying  the  facilities  they  pos- 
sess alone  forms  their  difference,  and  as  the  screw  is  almost 
universally  moved  to  effect  the  same  purposes  as  the  wedge, 
it  would,  with  greater  propriety,  as  regards  its  action,  bear 
reference  to  that  instrument. 

Fig.  23  represents  a  cylinder  E  E,  upon  which  we  will 
suppose  the  wedge-shaped  piece,  A  B  C,  is  capable  of  being 
wound;  when  wrapped  round  such  cylinder,  it  will,  by  its 
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upper  edge  B  C,  represent  spiral  lines,  similar  to  B  D  and 
F  6.  Now,  as  the  piece  A  B  C  is  in  the  shape  of  a  wedge 
or  inclined  plane,  it  should  have  its  power  estimated  by  the 
line  A  C  compared  to  the  height  A  B;  and  if  the  line  B  C, 
wound  in  its  spiral  direction,  shall  just  circumscribe  the 
cylinder,  the  point  C  will  be  found  directly  beneath  B,  and 
the  distance  between  C  and  B,  when  thus  lapped  on  the  cy- 
linder, will  represent  the  line  A  B,  on  the  perpendicular  of 
the  inclined  plane  or  wedge;  which)  when  compared  with 
A  C,  now  represented  by  the  circumference  of  tbe  cylinderi 
will  give  the  same  data  from  which  the  power  of  the  screw, 
so  formed,  should  be  calculated.  Consequently  the  compari- 
son of  the  circumference  of  the  screw,  and  the  distance  be- 
tween one  thread  and  another,  oieasured  on  a  line  parallel  to 
the  axis  of  the  screw,  is  that  from  which  its  power  should 
be  calculated,  or  as  the  distance  between  the  two  threads  is 
to  the  circumference,  so  the  power  to  be  applied  is  to  the 
resistance  to  be  overcome ;  or  if  the  circumference  be  three, 
and  the  power  one,  the  force  equal  to  one  shall  overcome  a 
force  equal  to  three. 

Fig.  24  represents  a  screw  of  more  perfect  formation ;  b^t 
the  general  construction  of  the  screw  is  so  familiar  to  every 
one,  that  we  conceive  it  to  be  almost  needless  to  enter  upon 
A  more  minute  description.  A  B  represents  the  acclivity  of 
the  plane  from  which  such  screw  is  formed,  and  the  dis- 
tance between  Band  C  represents  what  should  be  compared 
to  the  circumference  in  order  to  discover  the  power  it  pos- 
sesses. 

The  sorew  is  applied  to  mechanical  purposes  chiefly  to  ob- 
tain great  pressures  in  small  distances ;  and  upon  examina- 
tion it  will  be  seen,  that  they  afford  the  method  of  using  a 
wedge  of  an  extremely  small  inclination,  and  by  consequence 
of  great  power.  The  screw  is  sometimes  used  for  raising 
exceedingly  heavy  weights.  The  hollow  screw,  or  the  coun- 
terpart in  which  a  screw  operates,  when  in  the  form  of  a  small 
moveable  piece,  is  called  a  nut,  and  the  cavity  is  termed  a 
female  sorew,  the  properties  of  which  are,  as  respecta  power, 
exactly  similar  to  the  screw. 

We  have  now  duly  considered  the  nature  and  properties 
of  the  mechanical  powers  when  in  a  state  of  uncombined 
action;  and  shall,  in  the  next  place,  previously  to  represent- 
ing them  in  some  of  the  simplest  forms  in  which  they  are 
combined,  examine  into  one  more  attribute  of  matter,  result- 
ing from  gravity. 
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THE  CEKTRS  OF  eRAVlTT. 

The  force  of  gravitation^  as  we  hate  already  shown,  acts 
upon  matter  in  proportion  to  its  quantity:  thas,  if  a  line  b^ 
drawn  through  any  body  in  such  manner  that  the  quantity 
of  matter  multiplied  into  its  distance  from  the  line  on  one 
side  shall  equal  the  quantity  of  matter  multiplied  into  its 
distance  on  the  opposite  side,  and  if  another  lino  be  drawn 
passing  through  the  body  in  another  direction,  dividing  it 
in  a  similar  manner,  the  point  where  those  two  lines  fneet, 
whe'tber  it  be  situated  within  or  about  the  body,  is  the  cen- 
tre of  gravity ;  and  if  that  point  or  centre,  supposing  it 
within  the  body,  be  supported,  the  body  will  remain  in  a 
state  of  equilibrium.  Suppose  the  body  D,  fig.  25,  to  be 
sospended  by  a  line  from  C,  then  the  point  H,  which  is 
called  the  point  of  suspension,  and  at  which  the  body  is  sus- 
pended in  a  state  of  rest,  will  be  directly  above  the  centre 
of  gravity.  For  if  the  perpendicular  line  H  I  be  drawn,  and 
the  quantity  of  matter  multiplied  into  the  distance  on  one 
side  of  the  line  be  not  equal  to  the  quantity  of  matter  mul- 
tiplied into  the  distance  on  the  other  side,  the  body  will  not 
be  at  rest ;  but  as  the  body  is  at  rest,  the  quantity  of  matter 
multiplied  into  its  distance  on  the  one  side,  is  exactly  equal 
to  the  quantity  of  matter  multiplied  into  its  distance  on  the 
other.  Again,  suspend  the  body  as  at  fig.  26,  and  let  a  per- 
pendicular fall  similarly  from  E,  the  point  of  suspension,  to 
L,  the  body  will  be  again  divided  in  like  manner,  and  the 
point  E,  where  the  perpendicular  K  L  intercepts  the  line  H 
I,  will  be  the  centre  of  gravity. 

If  any  force  acting  in  a  direct  line  pass  through  the  centre 
of  gravity  of  a  body,  it  will  produce  uniform  motion  in  that 
body ;  but  if  the  force  so  impressed  do  not  pass  through  the 
centre  of  gravity,  that  motion  will  be  unequally  communi- 
cated. Thus,  if  at  fig.  26,  M  I  represent  a  force  striking 
the  irregularly  shaped  body  D,  in  a  line  of  direction  passing 
through  its  centre  of  gravity  E,  the  force  so  impressed  on 
tfiat  body  will  cause  it  to  proceed  with  a  uniform  velocity,  as 
regards  all  its  parts;  but  should  the  force  M  I  be  impressed 
at  the  point  F,  as  M  1 ,  the  line  of  direction  not  being  through 
the  centre  of  gravity,  an  irregular  motion  will  be  communi- 
cated, and  the  body  will  acquire  a  revolving  motion  round 
iff  centre  of  gravity. 

As  the  centre  of  gravity  is  the  most  advantageous  point 
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Jbr  giving  to  a  body  uniform  motion,  so  also  it  is  the  best  to 
apply  resistance  to  arrest  the  progress  of  that  motion. 

Most  writers  on  Mechanics  speak  of  the  common  centre 
of  gravity  as  of  more  than  one  body,  or  as  a  system  of  bo- 
dies ;  but  as  they  mean  that  those  bodies  should  be  conjoin- 
ed, or  their  relative  position  maintained  by  some  force,  they 
may  properly  be  considered  as  but  one  body,  and  the  centre 
of  gravity  of  the  whole  assemblage  may  be  estimated  in  a 
similar  manner  to  that  of  one.  Thus,  if  the  bodies  A  and  B, 
fig.  27,  be  conjoined  by  a  line,  their  common  centre  of 
gravity  will  be  the  point  £;  for  if  a  line  be  drawn  through 
that  point  in  any  direction,  the  masses  of  matter,  multiplied 
into  their  respective  distances  on  each  side,  will  equal  each 
other. 

What  has  been  said  concerning  the  centre  of  gravity,  is 
also  applicable  to  practical  points ;  as  no  body  can  be  sup- 
ported in  a  state  of  equilibrium,  if  the  point  of  suspension 
be  not  exactly  above  or  beneath  its  centre  of  gravity. 

SIMPLE  COMBINATIONS  OF  THE  MECHANICAL  POWERS. 

Having  considered  the  capacities  of  the  mechanical  powers, 
and  the  modes  used  for  calculating  their  effects,  we  will  now 
turn  our  attention  to  them  in  a  state  of  combination ;  and 
as  all  of  these  instruments   are  in  themselves  gainers  of 

Eower,  power  must  be  considerably  increased  when  they 
ecome  adjuncts  to  each  other.  Thus,  in  fig.  28,  we  have 
a  combination  of  three  levers,  each  of  them,  by  the  dispro- 
portion of  their  arms,  gainers  of  power  as  three  to  one ; 
G  G  6  being  their  several  fulcrums,  the  weight  H  will 
operate  with  thrice  its  power  at  B,  by  means  of  the  lever 
A  B;  the  effect  will  be  again  trebled  bv  CD;  and  that 
amount  again  trebled  by  the  action  of  the  lever  E  F.  Con- 
sequently, if  we  call  H  one,  by  A  B  it  will  be  raised  to  three, 
by  C  D  to  nine,  and  by  £  F  to  twenty-seven ;  so  that  a 
weight  of  one  pound  at  A  will  support  twenty-seven  pounds 
at  F. 

The  combination  of  the  action  of  levers  may  thus  be  ex- 
tended to  the  gain  of  almost  any  amount  of  power ;  and  when 
bent  levers  are  introduced,  their  powers,  which  in  peculiar 
situations  have  been  shown  to  be  very  great,  may  in  like 
manner  be  multiplied. 

The  wheel  and  axle  is  an  implement  not  frequently  used 
in  its  simple  state.  In  machinery,  wheels  are  mostly  turned 
by  means  of  prominences  upon    their  peripheres  called 
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cogs,  or  teeth,  which  being  acted  upon  by  any  applied  force, 
cause  the  wheel  to  revolve ;  and  the  axle  being  similarly  fur- 
nished with  teeth,  or  cogs,  is  termed  a  pinion.  The  wheel 
and  pinion,  therefore,  bear  a  similar  relationship  to  each  other 
as  the  wheel  and  axle,  and  their  power  must  be  calculated  in 
the  same  manner.  Suppose  A  B,  fig.  29,  to  be  a  shaft  on 
which  the  handle  A  C,  of  twelve  inches  radius,  and  the  pinion 

D,  of  one  inch  radius,  are  fixed;  and  the  teeth  of  the  wheel 

E,  of  twelve  inches  radius,  acting  in  those  of  the  pinion  D, 
and  upon  the  shaft  of  E  is  fixed  the  pinion  F,  of  one  inch 
radius,  communicating  with  the  wheel  G,  of  twelve  inches 
radius,  upon  the  shaft  of  which  the  pulley  H,  of  one  inch 
radius,  is  fastened ;  we  shall  then  have  the  handle  A  C  repre- 
senting the  radius  of  a  wheel,  and  the  pinion  D  in  the  situa- 
tion of  the  axle ;  so  that  there  will  be  a  gain  of  twelve  to  one  : 
and  the  wheel  E,  bearing  the  same  proportion  to  the  pinion  F, 
will  also  gain  in  a  similar  ratio,  and  G  being  to  H,  as  E  to  F, 
the  gain  will  again  be  augmented  to  the  same  extent;  so  a  force 
equal  to  one  at  C  will  operate  as  twelve  at  D ;  and  twelve  at 
D  will  operate  as  a  hundred  and  forty-four  at  F ;  and  at  H  as 
seventeen  hundred  and  twenty-eight.  Thus  one  pound  at 
C  will  raise  seventeen  hundred  and  twenty-eight  pounds  at 
H,  and  the  handle  C  will  have  to  pass  through  seventeen 
hundred  and  twenty-eight  times  the  distance  through  which 
the  weight  I  will  move.  By  this  form  and  disposition  of 
wheels  and  pinions,  an  accession  of  power  is  obtained ;  but  if 
velocity  be  required  at  the  expense  of  power,  this  train  should 
be  inverted.  For,  if  we  suppose  the  pulley  H  to  be  turned  by 
a  force,  so  as  to  cause  the  weight  I  to  pass  through  one  foot, 
the  periphery  of  the  wheel  G  will  have  passed  through  twelve 
feet,  and  the  periphery  of  the  pinion  will  have  gone  thresh 
the  same  distance ;  but  the  wheel  E  being  twelve  times  the  di- 
ameter of  F,  it  will  have  passed  through  twelve  times  that 
distance,  or  a  hundred  and  forty-four  feet ;  and  the  pinion  D, 
in  like  manner,  will  cause  C  to  pass  through  twelve  times 
that  amount  of  space,  or  seventeen  hundred  and  twenty  eight 
feet  5  whibt  the  force  required  at  H  to  cause  this  motion, 
must  be  seventeen  hundred  and  twenty-eight  times  the  re- 
sistance at  C. 

As  the  circumferences  of  wheels  are  proportionate  to  the 
circumferences  of  the  pinions  they  have  to  act  upon,  or  be 
acted  upon  by,  so  must  the  number  of  teeth  in  the  one  be 
to  those  in  the  other,  otherwise  the  size  of  the  teeth  would 
not  be  similar ;  thus  a  wheel  that  is  twelve  inches  diameter, 
and  a  pinion  one  inch,  the  circumferences  of  circles  being 
in  proportion  to  their  diameters,  the  wheel  should  have 
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twelve  times  as  many  teeth  as  the  pinion,  therefore,  in  prac- 
tice, the  number  of  teeth  may  be  taken  as  data  to  estimate  the 
power  or  velocity.  Suppose  a  pinion  has  five  teeth,  and  a 
wheel  sixty,  their  power  will  be  as  twelve  to  one,  as  five  will 
go  twelve  times  in  sixty  ;  that  is,  the  pinion  will  have  to  turn 
twelve  times  to  move  the  wheel  once ;  and  if  turned  by  a 
handle  A  C,  whose  radius  is  equal  to  the  wheel,  the  power 
gained  will  be  in  the  same  ratio;  and  if  the  pinion  is  driven 
by  the  wheel,  the  velocity  obtained  will,  in  like  manner,  in- 
crease ;  consequently  the  velocities,  or  powers  of  any  combi- 
nation of  wheels,  may  be  estimated  by  their  diameters,  cir- 
cumferences, or  number  of  teeth. 

Although  this  mode  of  communicating  motion  is  used  to  a 
very  great  extent  in  applying  wheel-work  to  machinery,  yet, 
in  peculiar  cases,  straps,  chains,  and  cordage,  of  various  de- 
scriptions, are  beneficially  introduced  to  transfer  the  action 
of  wheels. 

Combinations  of  the  wedge  are  not  very  common  :  but 
its  properties  arc  introduced  under  several  modifications, 
and  afford  methods  of  obtaining  power  of  considerable  pres^ 
sure  in  short  distances.  For  instance,  that  common  and 
well-known  part  of  mechanical  construction,  called  the  camb, 
or  eccentric,  is  a  wedge  applied  by  one  of  its  faces  to  a 
cylinder,  which,  by  being  turned  by  means  of  a  lever,  is 
capable  of  producing  a  powerful  action.  Fig.  30  represents 
a  cylinder  A,  with  a  wedge  B  wound  round  it,  but  which,  ia 
this  position,  is  denominated  a  camb  or  eccentric  piece ;  by 
the  motion  of  the  lev^r  C  to  the  situation  C  1,  the  cylinder 
A,  with  the  camb  B,  is  brought  into  the  position  B  1 ;  thereby 
raising  the  obstacle  D  to  D  1.  The  power  gained  in  this 
operation  may  be  ascertained  thus :  as  the  length  of  the  lever 
C  from  the  centre  of  A  exceeds  the  radius  of  A,  so  will  the 
force  applied  at  C  be  increased,  at  the  point  E,  where  it  may 
be  supposed  to  act,  against  the  wedge  or  camb  B ;  and  the 
effort  to  raise  D  may  be  known  by  considering  the  proportion 
of  E  F  to  E  H,  which  is  the  portion  of  the  circumference  that 
must  be  considered  as  its  base.  Thus,  ff  we  call  the  length 
of  the  lever  C  three,  and  the  radius  of  A  one,  if  the  force 
acting  at  C  be  one,  its  power  at  E  will  be  three;  and  should 
the  height  E  F  be  one-third  of  the  base  of  the  camb  B, 
this  power  will  be  again  raised  by  three;  thus,  1  at  C  will 
counterbalance  9  at  D.  This  movement  is  extremely  com- 
mon in  order  to  obtain  power,  or  a  regular  direct  motion. 
It  is  quicker  than  a  screw,  and  capable  of  considerable 
accuracy. 

Fig.  31  is  another  modification  of  the  wedge,  placed  on 
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the  internal  face  of  the  circle  E,  acting  with  its  face  F,  and- 
causing  by  its  movement  the  obstacle  I  to  approach  nearer  to 
the  centre  G;  this  is  called  the  snail  movement,  and  might 
with  propriety  be  termed  a  concentric. 

Another  method  of  placing  a  wedge,  so  as  to  apply  its 
effects  to  a  revolving  motion,  is  represented  in  a  side  and  top 
view  at  fig.  32,  where  the  wedge  A  B  is  placed  upon  a  circular 
plate  C  D,  turning  upon  the  axis  E,  and  consequently  creat- 
ing motion  in  the  obstacle  upon  which  it  acts  to  the  amount 
of  the  line  G  A. 

Another  movement  of  considerable  accuracy  is  obtained 
by  the  turning  of  a  cone,  the  principle  of  whose  action  is  re- 
ferable to  the  wedge.  Fig.  33  represents  a  cone  fixed  upon 
its  axis  i  ft.  If  an  obstacle  be  presented  at  a,  and  the  cone 
be  caused  to  pass  forward  in  the  direction  k  i,  the  surface  a  c 
will  operate  as  a  wedge  at  a  &  c,  raising  the  obstacle  to  c; 
but  if  during  that  direct  motion  the  cone  is  likewise  caused 
to  revolve  on  its  axis,  the  obstacle,  instead  of  passing  over 
a  c,  will  pass  over  the  spiral  line^ a  e  g  d,  to  the  point  d ;  by 
this  means  the  operation  of  a  wedge,  whose  line  of  inclina- 
tion is  equal  to  the  spiral  line  a  e  g  d,  and  whose  height  is 
equal  to  b  c,  is  brought  into  action  ;  and  if  the  number  of  re- 
volutions of  the  cone  be  increased  during  its  direct  motion, 
it  is  plain  that  the  effect  of  a  wedge  of  infinite  elongation 
may  be  produced. 

The  screw  is  introduced  both  singly  and  in  a  state  of  com- 
bination in  many  parts  of  machinery.  The  combined  action 
of  two  screws,  which  avoid  the  necessity  of  using  a  screw  of 
greater  fineness,  in  which  the  threads  would  be  weakened,  is 
represented  at  fig.  34,  where  they  are  applied  to  a  press.  Sup- 
pose A  A  to  be  a  screw  fitted  in  a  female  screw  in  the  rail 
B  C ;  and  D,  a  screw  that  works  in  the  inside  of  A,  having 
its  lower  end  joined  to  the  upper  board  of  the  press  H,  so 
that  it  shall  not  turn  round:  now  if  the  screw  A  A,  and  the 
screw  D,  contain  exactly  the  same  number  of  threads  in  the 
inch,  by  turning  A  A  one  revolution,  it  will  proceed  down- 
wards exactly  the  same  amount  that  the  screw  D  will,  by  the 
same  action,  proceed  upwards,  and  the  board  H  will  not  be 
moved.  But  we  will  suppose  that  the  screw  A  A  contains  four 
threads  in  the  inch,  and  the  screw  D  six,  then,  by  one  revolu- 
tion, A  A  will  move  downwards  one  quarter  of  an  inch,  and 
D  will  a\  the  same  time,  and  by  the  same  action,  be  raised 
one-sixth  of  an  inch,  therefore  the  board  H  will  move  down- 
wards the  diflference  between  one-quarter  and  one-sixth,  or 
one-twelfth  part  of  an  inch,  by  every  single  revolution :  which 
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* 

effect  is  similar  to  that  which  would  be  produced  by  using  a 
screw  of  twelve  threads  to  the  inch. 

For  further  elucidation  we  shall  refer  the  action  of  each 
screw  to  that  of  a  wedge  from  which  the  screw  has  been 
shown  to  be  derived.  Fig  35  represents  two  wedges,  ab  h 
and  e  c  d,  each  of  which  may  be  supposed  to  represent  one 
lap  of  a  screw  of  the  respective  fineness  which  their  heights 
b  h  and  e  c  denote.  If  the  wedge  a  &  A  be  caused  to  pass  to 
the  situation  a^  a  h\  and  is  supposed  to  operate  upon  the  level 
surface  e/,  the  line  a  e  will  be  compressed  to  the  line  h^  c,  by 
that  movement;  but  if,  whilst  this  action  takes  place,  the 
wedge  e  c  d  be  moved  to  the  position  c^  c'  c,  and  the  effect 
takes  place  upon  its  upper  surface  c  d,  the  line  a  e  will  only 
be  reduced  to  the  line  g^  e,  equal  to  h  d,  and  will  conse- 
quently only  be  compressed  to  the  amount  g^  a,  which  is  in  ef- 
fect equal  to  what  a  wedge  of  the  fineness  of  a  &  g,  would  have 
produced,  whose  height  or  line  g  6  is  just  equal  to  the  differ- 
ence between  e  c  and  h  b,  as  was  the  case  with  the  screws. 

As  a  gain  of  power  is  attainable  by  two  screws  or  wedges 
of  unequal  fineness,  performing  equal  numbers  of  revolutions, 
so  is  the  same  effect  attainable  by  the  unequal  revolutions  of 
two  screws  or  wedges  of  equal  fineness. 


Practical  Application  of  the  Mechanical  Powers. 


MILL  GEERING. 

Under  this  head  we  purpose  to  treat  of  the  best  formation 
of  the  teeth  of  wheels,  of  the  connection  of  shafts,  termed 
couplings,  of  disengaging  and  re-engaging  of  the  moving 
parts,  and  of  the  equalization  of  motion ;  and  to  them  we 
shall  annex  some  further  observations  upon  the  general 
construction  of  Machinery.  To  avoid  unnecessary  repetition, 
we  shall,  previously  to  entering  upon  the  formation  of  the 
teeth  of  wheels,  give  a  general  definition  of  the  terms  most 
commonly  in  use. 

Cog-wheel  is  the  general  name  of  any  wheel  which  has  a 
number  of  teeth  or  cogs  placed  round  its  circumference. 

Pinion  is  a  small  cog-wheel  that  has  not  in  general  more 
than  twelve  teeth ;  though,  when  two-toothed  wheels  act  upon 
one  another,  the  smallest  is  not  unfrequently  distinguished 
by  this  term ;  as  is  also  the  trundle,  lantern,  or  wallower, 
when  talking  of  the  action  of  two  wheels. 

Trundk,  lantern,  or  waUower,  is  sometimes  used  in  lieu 
of  a  pinion.     It  is  represented  at  fig.  36. 
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When  the  teeth  of  a  wheel  are  made  of  the  same  mate- 
rial, and  formed  of  one  piece  with  the  body  of  the  wheel, 
they  are  called  teeth;  when  of  wood,  or  some  other  mate- 
ria), and  affixed  to  the  outer  rim  of  the  wheel,  cogs ;  in  a 
pinion  they  are  called  leaves  ;  in  a  trundle  staves. 

Whea  speaking  of  the  action  of  wheel-work  in  general, 
the  wheel  which  acts  as  a  mover  is  called  the  leader ^  and  the 
one  upon  which  it  acts  the  follower. 

If  a  wheel  and  pinion  are  to  be  so  constructed  that  the  one 
shall  give,  and  the  other  receive,  impulse,  so  that  the  pinion 
shall  perform  four  revolutions  in  the  time  that  the  wheel  is 
performing  one,  they  must  be  represented  by  two  circles, 
which  are  in  proportion  to  each  other  as  four  is  to  one.  When 
these  two  circles  are  so  placed  that  their  outer  rims  shall 
touch  each  other,  a  line  drawn  from  the  centre  of  the  ope  to 
the  centre  of  the  other  is  termed  the  line  of  centres  ;  and  the 
radii  of  the  two  circles  the  proportional  radii.  These  cir- 
cles are  sometimes  called  proportional  circles^  but  by  mill- 
wrights in  general  pitch  lines. 

The  teeth  which  are  to  communicate  motion  must  be  form- 
ed opoD  these  two  circles.  The  distance  from  the  centres  of 
two  circles  to  the  extremities  of  their  respective  teeth,  is  call- 
ed the  real  radii;  and,  in  practice,  the  distance  between  the 
centres  of  two  contiguous  teeth,  that  is,  the  distance  from 
the  centres  of  two  teeth  measured  upon  their  pitch  line,  is 
called  the  pitch  of  the  wheel.  The  straight  part  of  a  tooth 
which  receives  the  impulse  is  called  the^nft,  and  the  curved 
part  that  imparts  the  impulse,  the  face. 

Two  wheels  acting  upon  one  another  in  the  same  plane, 
having  their  axes  parallel  to  each  other,  are  called  spur  geer; 
when  their  axes  are  at  right,  or  other  angles,  bevelled  geer. 

TO  DESCRIBE  THE  CYCLOID  AND  EPICYCLOID. 

Tig'  37.  If  the  circle  1 ,  having  a  point  a  marked  on  its  cir- 
cumference, moves  olong  the  straight  line  A  C,  and  at  the 
same  time  revolves  on  its  axis,  the  curved  line  which  the 
point  a  describes  is  called  the  cycloid.  The  point  a  in  circle 
1  is  at  its  starting  place,  at  B  it  has  reached  its  greatest 
height,  and  at  C  its  lowest  depth;  and  the  curved  line  A  B 
C  described  by  that  point,  is  the  cycloid. 

Fig.  38.  If  the  circle  1  rolls  on  another  circle,  as  on  the 
circumference  of  circle  2,  the  point  a  describes,  in  a  similar 
manner  to  the  preceding,  the  curve  aghd  e^  and  the  circles 
3, 4,  5, 6,  exhibit  the  point  a  in  the  several  positions  of  aS  o^ 
a^  a^•  c  a*  the  portion  of  circle  3  being  equal  to  c  a,  c'  a^  to 
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c*a,  c^  a^  to  c^  a,  and  c^  a^  to  c^  a:  the  line  which  is  thus 
described  is  called  an  exterior  epicycloid.  But  if  the  circle 
rolls  within  another  circle,  as  the  circle  1,  fig.  39,  rolls  in  the 
inside  of  circle  2,  the  line  described  by  the  point  a  is  then 
called  an  interior  epicycloid. 

In  fig.  38,  the  circle  a  mn  is  called  the  generating  circle 
of  the  epicycloid,  and  that  portion  of  the  larger  circle  over 
which  the  generating  circle  rolls  in  one  revolution  the  base 
of  the  epicycloid.  In  the  interior  epicycloid  the  generating 
circle  of  the  epicycloid  rolls  within  the  circle  of  its  base. 

An  epicycloid,  either  internal  or  external,  may  be  con- 
ceived to  be  formed  of  numerous  small  portions  of  circles, 
whose  radii  are  lines  drawn  from  the  several  points  of  con- 
tact, as  c,  c*,  c^  c\  c  being  the  centre  of  one,  c«  of  another, 
and  c^  the  centre  of  another,  so  that  these  lines  are,  as  re- 
spects those  several  positions,  radii  of  each  circle,  and  per- 
pendiculars to  the  epicycloid  ;  if,  therefore,  a  line  be  drawn 
from  any  point  where  the  generating  circle  is  in  contact  with 
the  base  to  the  point  which  traces  the  epicycloid,  it  will  fall 
perpendicular  to  the  epicycloid. 

As  the  several  lines  drawn  from  the  points  of  contact  of  the 
generating  circle  are,  in  all  cases,  the  varying  radii  for  gene- 
rating the  epicycloid,  it  is  plain  that  when  the  generating  cir- 
cle shall  have  passed  over  half  of  its  base,  and  consequently 
have  performed  half  of  a  revolution,  the  diameter  of  the  ge- 
nerating circle  shall  be  a  line  drawn  from  the  point  of  contact 
to  the  generating  point,  and  which  line  shall,  if  prolonged, 
pass  through  the  centre  of  the  circle  of  the  base,  so  that  the 
tracing  point  in  that  part  of  the  epicycloidal  line  shall  be  far- 
ther from,  and  in  all  other  points  nearer  to,  the  base,  as  the 
perpendiculars  that  fall  upon  the  epicycloid  from  the  points  of 
contact  shall  in  every  other  position  be  shorter.  Suppose  the 
circle  1,  fig.  40,  to  be  a  generating  circle,  and  circle  2  to  be 
the  circle  of  the  base,  if  the  diameter  of  circle  1  be  equal  to 
the  radius  of  circle  2,  the  point  a  shall  trace  the  line  a  6  c  as 
an  interior  epicycloid ;  for  if  the  diameter  of  circle  1  be  equal 
to  half  of  the  diameter  of  circle  2,  so  will  the  circumferehce 
of  circle  I  be  equal  to  half  of  the  circumference  of  circle  2, 
and  consequently,  when  the  generating  circle  1  shall  have  per- 
formed one  revolution  upon  the  circle  2,  as  its  base,  the  point 
a  shall  be  exactly  opposite  to  the  place  from  where  it  started : 
now  the  diameter  of  circle  1  i^  equal  to  the  radius  of  circle 
2  when  halfway,  and  the  tracing  point  is  exactly  in  the  cen- 
tre of  circle  2,  which  proves,  that  the  epicycloid  traced  by 
the  circle  1  is  a  straight  line,  and  the  diameter  of  circle  2. 
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ON  THE  TEETH  OF  WHEELS. 

If  two  cylinders  be  placed  in  close  contact,  motion  cannot 
be  communicated  to  the  one  without  that  motion,  by  means 
of  the  irregularities  of  their  surfaces,  (of  which  we  have  spo- 
ken under  the  article  Friction,)  being  communicated  to  the 
other,  and  the  smaller  cylinder  shall  perform  exactly  as  many 
revolutions  to  one  revolution  of  the  larger  cylinder,  as  the 
larger  cylinder  contains  upon  its  circumference  so  many 
measured  circumferences  of  the  smaller  cylinder. 

Wheels,  however,  which  act  by  their  surfaces  only,  are  ill 
calculated  to  transmit  motion  to  any  considerable  extent,  as 
the  motion  which  the  follower  has  acquired  is  not  of  sufficient 
power  to  overcome  the  great  resistance  which  would,  in  such 
case,  be  opposed  to  it ;  consequently  it  becomes  necessary 
to  have  projections  or  teeth,  and  that  form  of  the  teeth  will 
be  the  best  which  causes  the  wheel  to  act  as  though  the  mo- 
tion were  communicated  by  contact  of  the  pitch  lines. 

Spur  geer^-fig.  39*.  -  If  the  three  circles  1, 2,  3,  in  contact 
at  the  point  a,  be  made  to  revolve  about  their  centres,  so  that 
they  shall  continually  touch  at  the  point  a,  their  motions  will 
be  similar  to  what  would  have  been  generated  by  one  com- 
municating motion  to  the  other  two  by  contact;  and  circle  3 
will  move  as  though  rolling  on  the  external  surface  of  circle  1,. 
and  internal  surface  of  circle  2,  and  consequently  become  the 
generating  circle  of  the  exterior  epicycloid  on  circle  1 ,  and  the 
generating  circle  of  the  interior  epicycloid  on  circle  2.  As  the 
diameter  of  circle  3  is  equal  to  the  radius  of  circle  2,  the  in- 
terior epicycloid  will  be  a  straight  line  passing  through  B  the 
centre  of  circle  2 ;  and,  supposing  the  point  a  to  have  per- 
formed that  portion  of  a  revolution  which  places  it  at  K,  a 
portion  of  the  exterior  epicycloid  will  be  represented  by  the 
line  E  K,  and  a  portion  of  the  interior  epicycloid  by  D  K, 
Therefore,  as  the  epicycloids  D  K  and  E  K  are  both  generated 
by  one  motion  of  the  same  point  on  the  same  circle,  they  will 
continually  touch  at  the  generating  point,  and  the  total  sur- 
face of  E  K  will  pass  over  the  total  surface  of  D  K ;  and  if 
the  epicycloid  E  K  be  affixed  to  the  external  surface  of  cir- 
cle ],  and  act  upon  the  portion  of  the  epicycloid  D  K,  it  will 
transmit  motion  to  circle  2,  as  though  that  motion  were  com- 
municated by  contact  of  the  pitch  lines  ;  which  proves  that 
£  K  presents  us  with  the  best  form  of  tooth,  and  which  tooth 
would,  when  acting  upon  the  radii  of  the  wheel  to  be  driven, 
move  it  as  though  the  motion  were  communicated  by  contact. 
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Fig.  40"^  represents  a  mode  of  forming  the  teeth  of  wheels 
wh^  they  are  to  act  upon  a  trundle.  Circle  1  represents  the 
piten  line  of  the  wheel ;  and  circle  2  the  pitch  line  of  the  trun- 
dle ;  which  are  supposed  to  act  by  contact  at  the -point  a. 
When  a  arrives  at  aS  it  will  have  traced  that  portion  qf  an 
epicycloid  represented  by  a*  a*,  and  as  d  iis  the  generating 
point  of  the  epicy<;Ioid,  the  distance  from  a  to  a\  and  from 
a  to  a^  will  be  equal :  and  the  epicycloid  a^  a^  being  ge- 
nerated by  the  proportional  circle  or  pitch  line  of  the  trundle, 
presents  us  with  the  properest  form  for  the  tooth  of  a  wheel 
that  is  to  drive  a  trundle  with  circular  staves  posited  in  its 
pitch  line. 

We  shall  now  proceed  to  the  practical  mode  of  applying 
these  rules.  Let  circle  2  be  the  proportional  circle  or  pitch 
line  of  a  trundle ;  and  circle  I  the  pitch  line  of  a  wheel  which 
is  to  drive  that  trundle:  and  by  the  revolutions  of  these  two 
circles  let  the  portion  of  an  epicycloid  a^  a^  be  generated, 
so  that  when  a  line  is  drawn  from  a^  to  the  centre  of  circle  I, 
it  will  intersect  that  circle  at  6,  whose  distance  from  a^  is 
such,  that  when  the  semi-diameter  of  a  staff  of  the  trundle 
is  subtracted  from  it,  the  remainder  will  be  equal  to  half  the 
intended  thickness  of  the  tooth  of  the  wheel.  Set  off  per- 
pendicularly to  the  epicycloid  inwards,  the  semi-diameter  of 
one  of  the  staves  at  so  many  points  that  you  will  be  able  to 
trace  through  the  points  thus  set  off,  a  line  parallel  to  the 
epicycloid  a*  a^  which  line  will  be  the  face  of  the  tooth  of 
the  wheel,  being  less  than  the  tooth  formed  by  the  epicy- 
cloid a*  a^  by  the  semi-diameter  of  a  staff  of  the  trundle, 
indeed  the  diminution  must  be  rather  more,  as  the  width 
g  g  must  be  made  sufficient  for  the  staves  to  clear  them- 
selves, as  the  whole  of  the  epicycloidal  line  must  act  upon 
their  surface. 

Pig  41.  To  describe  the  teeth  of  a  wheel  for  a  tundle, 
by  means  of  circular  arcs,  let  us  suppose  A  B  to  be  the  line  of 
centres,  C  D  the  pitch  line  of  the  wheel,  E  F  the  pitch  line  of 
the  trundle,  and  the  centre  of  the  staff  G  to  be  in  the  line  of 
centres  A  B;  then  by  placing  one  foot  of  the  compasses  in 
the  centre  of  the  staff  G,  we  can  describe  the  arc  m  n,  which 
is  the  form  of  the  face  of  a  tooth  sufficiently  near  that  of  an 
epicycloid  for  commoii  purposes. 

Fig.  42.  To  find  the  form  for  the  teeth  of  a  wheel  and  the 
leaves  of  a  pinion  which  are  to  act  together,  we  must  set  off  on 
the  pitch  lines  the  points  mna  and  p  q  r,  &c,  according  to 
the  proper  thickness  of  and  distance  between  the  teeth  and 
leaves,  and  from  these  points  draw  radii,  to  serve  as  the 
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flanks  of  the  teeth.  The  spaces  must  be  of  sufficient  depth  to 
allow  for  the  action  of  the  curved  part  of  the  teeth  and  leaves. 

Then  with  the  generating  circle  1,  whose  diameter  is  equal 
to  the  proportional  radius  of  the  pinion,  describe  upon  the 
extremities  of  the  sides  of  each  tooth,  and  upon  the  circum- 
ference of  the  proportional  circle  of  the  wheel  as  a  base,  the 
epicycloids  ab,b  n;  and  with  the  generating  circle  2,  de- 
scribe upon  the  proportional  circle  of  the  pinion  as  a  base, 
the  epicycloid  q  D,  which  will  give  the  required  form  of  the 
teeth  and  leaves. 

For  if  the  projecting  epicycloid  a  b  push  asainst  the  ra- 
dios /  r  of  the  proportional  pinion,  the  wheel  and  pinion 
will  move  with  equal  velocity;  and  a  similar  effect  will  be 
produced  by  the  epicycloid  p  D  being  pushed  by  the  radius 
o  m  of  the  wheel  towards  the  line  of  centres. 

Fig.  43.  When  one  wheel  is  to  conduct  another,  it  is  not 
necessary  that  the  wheel  to  be  conducted  should  have  teeth 
of  an  epicycloidal  form ;  and  were  the  teeth  not  subject  to 
wear  by  friction,  there  would  be  no  occasion  to  extend  the 
teeth  of  the  conducted  wheel  beyond  the  pitch  line ;  but 
such  being  the  case,  it  becomes  necessary  to  form  the  teeth 
of  the  conducted  wheel  in  the  manner  represented  in  the 
figure  by  the  dotted  lines. 

Mr  Buchanan,  in  his  "  Essay  on  the  Teeth  of  Wheels," 
objects  to  this  mode  of  forming  the  teeth  of  the  conducted 
wheel,  and  recommends  that  a  trundle  or  wheel  with  cylin- 
*drical  staves  should  be  adopted,  as  it  will  be  less  acted  upon 
in  approaching  the  line  of  centres,  and  consequently  have 
less  friction  than  a  pinion  or  wheel,  the  sides  of  whose  teeth 
tend  to  the  centre. 

"  This  will  appear,"  says  he,  "  by  fig.  44,  which  represents 
a  staff,  a,  of  a:  trundle,  and  a  leaf,  6,  of  a  pinion,  turning  round 
on  the  same  centre  A,  and  a  tooth  adapted  to  each,  turning 
on  a  common  centre  B.  The  thickness  of  each  of  the  teeth, 
and  the  proportional  circle  of  both  wheels,  are  the  same,  and 
the  proportional  circles  of  the  pinions  are  also  equal,  and 
teeth  are  each  made  of  the  greatest  length  which  the  inter- 
section of  the  curves  will  admit,  which  turns  out  considerably 
greater  in  the  tooth  adapted  to  the  staff.  The  shaded  parts 
represent  the  tooth  adapted  to,  and  acting  upon,  the  staff; 
and  the  dotted  lines  represent  the  tooth  adapted  to,  and  act- 
ing upon,  the  leaf  The  teeth,  in  both  cases,  are  represented 
as  just  at  the  point  where  they  would  cease  to  move  the  leaves 
or  staves  uniformly;  and  it  appears  the  staff  is  conducted 
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considerably  further  beyond  the  line  of  centres  than  the  leaf; 
hence  the  staff  will  be  less  acted  upon  in  approaching  the 
line  of  centres." 

As  the  trundle  in  common  use  is  very  weak  and  imperfect, 
Mr  Buchanan  conceived,  that  a  wheel  might  be  made,  which 
would  combine  the  advantages  of  both  the  pinion  and  trun- 
dle, and  accordingly  had  some  wheels  made,  which  appeared 
to  answer  every  expectation. 

"  These  wheels,"  says  he,  "  were  made  of  cast  iron.  They 
were  each  cast  of  one  solid  mass.  Fig.  46,  No.  I,  represents 
the  edge  view,  and  No.  2,  a  section  of  one  of  them  ;  whereby 
is  shown  the  manner  in  which  the  teeth  are  supported,  like 
the  staves  of  a  trundle  at  each  end,  and  like  the  leaves  of  a 
pinion  at  the  roots,  but  so  very  thin  there,  as  to  run  no  risk  of 
having  the  common  fault  of  pinions,  just  now  noticed.  They 
were  difficult  to  mould :  but  were  they  to  come  more  into  use, 
I  have  no  doubt  ingenious  workmen  would  soon  get  over  this 
obstacle."*  "I  mentioned,"  he  continues  "in  cases  wliere 
the  pinion  had  few  teeth,  that  in  the  conducted,  whether  wheel 
or  pinion,  staves  should  be  preferred  ;  but  it  is  obvious,  that 
the  method  just  described,  of  making  a  small  trundle  of  cast 
iron,  would  not  apply  to  a  wheel  of  a  great  number  of  staves. 
Nor  is  it  in  that  case  so  necessary,  as  the  greater  the  number  of 
teeth  are,  the  longer  they  will  be  in  losing  their  proper  figure. 
In  such  cases,  therefore,  staves,  strictly  speaking,  should  not 
be  used,  but  teeth  made  so  as  to  produce  the  same  effect 
— that  is,  having  their  acting  parts  of  the  figure  of  a  staff; 
What  is  meant  will  be  better  understood  by  inspecting  fig. 
46,  where  the  lines  show  the  alteration  necessary  on  the 
tooth  A,  in  order  to  make  it  produce  the  effect  of  a  staff; 
which  staff  is  represented  by  the  faint  dots.  The  dotted 
lines  on  d  represent  the  alteration  requisite  to  adapt  it  to 
the  staff,  it  being  necessary,  as  formerly  proved,  to  have  it  a 
different  epicycloid  from  what  is  required  to  adapt  it  to  a 
tooth  whose  acting  part  is  a  straight  line,  tending  to  the 
centre  of  its  proportional  circle." 

"  Teeth,"  says  Mr  Tredgold,  in  the  second  edition  of  Mr 
Buchanan's  work,  "  seem  to  be  very  well  adapted  for  various 


•  By  casting  separate  plates  with  indents  to  fix  the  teeth,  and  bolting" 
them  together,  the  pinion  might  be  made  sufficiently  strong:  such  a  me- 
thod indeed  is  used  frequently  in  crane-work,  where  it  has  the  important 
advantage  of  preventing  the  wheels  getting  out  of  geer. 

N.B.  This  note  is  by  Mr  Tredgold,  editor  of  the  second  edition  of 
Buchanan's  "Practical  Essays  on  MUl-work." 
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purposes,  when  formed  on  the  principle  recommended  in  the 
preceding  article.  I^  therefore  will  endeavour  to  show  a 
simple  method  of  describing  such  teeth. 

"  It  must  be  observed,  that  the  teeth  to  resemble  staves  are 
to  be  always  on  the  conducted  wheel  or  pinion  ;  thus  aiford- 
ing  the  peculiar  advantage  of  the  wheel  and  trundle  in  either 
increasing  or  diminishing  velocity. 

"  Fig.  38*.  Let  the  teeth  be  divided  as  usual  on  the  pitch 
lines,  E  E,  F  F ;  and  on  the  conducted  wheel  C  describe 
circles,  as  though  there  were  to  be  staves.  Conceive  the 
centre  of  one  of  these  staff  teeth  to  be  in  the  line  of  centres 
at  A,  and  draw  the  line  A  B  joining  the  centres  of  the  staff 
teeth.  Then  the  radius  A  6,  from  the  centre  A,  will  describe 
the  curved  side  6  c  of  the  tooth  of  the  conductor,  and  the 
curved  part  6  a  of  the  conducted  wheel.  And  since  this 
radius  is  equal  to  the  pitch  diminished  by  half  the  diameter 
of  the  circle  of  the  staff  teeth,  and  the  centres  will  always 
be  in  the  pitch  lines  of  the  wheels,  all  the  other  teeth  may 
be  easily  described." 

The  editor  then  enters  into  some  calculations,  which  the 
limits  of  our  work  will  not  permit  us  to  pursue ;  we  therefore 
refer  our  readers  to  the  work  itself,  which  embraces  much 
useful  information. 

Fig.  47.  When  a  pinion  is  required  to  have  but  a  slow  mo- 
tion, an  internal  pinion,  which  has  less  friction  than  the  ex- 
ternal one,  may,  in  many  cases,  be  adopted  with  advantage. 

To  illustrate  this,  let  A,  fig.  48,  be  the  proportional  circle 
or  pitch  line  of  a  wheel,  B  that  of  an  external  pinion,  and  C 
that  of  an  internal  pinion,  all  at  contact  at  the  point  a:  now, 
if  motion  be  communicated  to  the  wheels,  so  that  they  move 
uniformly,  it  will  be  seen,  that  when  the  point  a  has  arrived 
at  b  c  d,  each  of  the  wheels  having  travelled  over  an  equal 
distance  from  the  line  of  centres  D,  the  space  from  6  to  c  is 
much  less  than  that  from  c  to  d,  and  consequently  had  the 
wheels  moved  by  means  of  teeth,  the  tooth  of  the  internal 
pinion  C  would  have  slid  over  a  smaller  part  of  a  tooth  of 
the  wheel  A,  than  a  tooth  of  the  external  pinion  B,  which 
proves  it  would  have  had  less  velocity  and  less  friction. 

Fig.  49  represents  a  rack  and  pinion,  recommended  by 
Mr  Tredgold.  A  B  the  pitch  line  of  the  rack,  B  C  the  pitch 
line  of  the  pinion,  and  the  form  of  the  tooth  C  D  is  the  in- 
volute of  a  circle ;  but  when  the  rack  impels  the  pinion,  the 
curved  face  of  each  of  the  teeth  of  the  rack  should  be  a 
portion  of  a  cycloid,  (as  A,  a,  fig.  37,)  and  the  leaves  of  the 
pinion  straight  lines  radiating  from  the  centre  of  the  pinion ; 
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the  diameter  of  the  generating  circle  for  describing  the 
cycloidal  teeth  should  be  half  the  proportional  diameter  of 
the  pinion.  See  Buchanan's  Practical  Essays  on  Mill- 
work.    Tredgold's  edition. 

Bevel  geer. — We  have  already  stated,  that  when  the  axes 
of  wheels  are  angular  to  each  other,  they  are  called  bevel 
geer,  in  order  to  distinguish  them  from  spur  geer,  whose 
axes  are  parallel;  it  therefore  now  remains  for  us  to  describe 
in  what  manner  the  teeth  of  bevel  geer  differ  from  the  teeth 
of  spur  geer. 

Bevel  geer  is  represented  by  the  two  cones  at  fig.  50,  where 
A  B  and  B  C  are  the  axes,  and  D  E  and  E  F  their  propor- 
tional diameters  or  pitch  lines. 

If  these  two  cones  are  placed  in  close  contact,  and  motion 
is  communicated  to  the  one,  that  motion  will,  as  is  already 
stated,  be  .communicated  to  the  other,  and  the  motion  of 
both,  as  we  have  shown,  when  speaking  of  spur  geer,  will 
be  equal. 

The  epicycloid  for  forming  the  teeth  of  bevel  geer,  is 
generated  by  one  cone  rolling  upon  the  surface  of  another, 
while  their  summits  coincide  :  for  example,  if  a  cone  C,  fig. 
51,  having  a  point  a,  move  upon  the  surface  of  the  cone  D, 
the  point  a  will,  in  its  revolutions,  describe  the  line  A  E  F, 
A  being  the  place  from  where  it  starts,  E  its  greatest  height, 
and  F  its  lowest  depth;  therefore  a  curved  line  drawn  from 
A  to  E,  and  continued  from  E  to  F,  gives  what  is  called  a 
fphericid  epicycloid;  and  the  base  of  the  cone  C  is  the  gene- 
rating circle  of  the  spherical  epicycloid.  The  method  of 
using  the  spherical  epicycloid  for  forming  the  teeth  of 
bevel  geer  is,  in  every  respect,  similar  to  the  method  of 
using  the  exterior  and  interior  epicycloid  for  forming  the 
teeth  of  spur  geer,  consequently  it  will  be  needless  to  re- 
peat it. 

Fig.  52.  To  construct  bevel  geer  we  must  calculate  the 
proportional  diameters  or  pitch  lines  of  the  wheel  and  pinion 
that  are  to  act  upon  each  other,  and  then  draw  their  axes 
A  B  and  B  C.  Draw  parallel  to  the  axis  A  B  of  the  wheel 
the  line  D  E,  and  the  line  F  D  parallel  to  the  axis  of  the 
pinion,  and  from  the  point  D,  where  these  two  lines  inter- 
sect, draw  the  line  D  G  perpendicular  to  A  B,  and  D  H  per- 
pendicular to  B  C,  and  make  I  G  equal  to  D  I,  and  K  H 
equal  to  D  K ;  then  D  G  gives,  what  is  called  the  principal 
diameter^  or  diameter  of  the  pitch  line  qf  the  wheels  and  D 
H  that  of  the  pinion. 

Proceed  to  draw  the  teeth  of  the  wheel,  by  fixing  one 
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fi>ot  of  the  compasses  in  the  point  at  A,  and,  having  extend- 
ed the  other  foot  to  the  distance  G,  sweep  the  small  arc  G  a, 
then  set  off  the  length  of  the  tooth  from  G  to  6,  draw  the  line 
b  c,  tending  to  a,  and  sweep  the  arc  c  e,  concentric  to  b  a. 
Set  off  from  G  to/ part  of  the  required  length  of  the  tooth, 
from  the  principal  diameter  to  the  root ;  and  draw  the  line 
/  g  tending  to  A,  which  gives  the  root  of  the  tooth.  Parallel 
iofgj  draw  a  6,  and  afg  e  will  represent  a  section  of  the 
solid  ring  of  the  wheel. 

In  an  excellent  article  on  mill-work,  in  Dr  Rees's  Cyclo- 
pedia, the  author  states,  ''that  the  manner  of  setting  out 
the  teeth  of  cog-wheels,  in  such  a  form  that  they  shall  act  in 
the  most  equable  manner  upon  each  other,  and  with  the 
least  friction,  has  been  a  subject  of  much  investigation 
among  mathematicians  and  theoretic  mechanics;  but  the 
practice  and  observation  of  the  mill-wrights  have  produced  a 
method  of  forming  cog-wheels,  which  answers  nearly,  if  not 
fully,  as  well  in  practice,  as  the  geometrical  curves  which 
theory  has  pointed  out  to  be  the  most  proper.  This  they 
have  effected  by  making  the  teeth  of  the  modern  wheels  ex- 
tremely small  and  numerous.  In  this  case,  the  time  of  action 
in  each  pair  of  teeth  is  so  small,  that  the  form  of  them  be- 
comes comparatively  of  slight  importance ;  and  the  practical 
methods  of  the  mill-wrights,  (using  arcs  of  circles  for  the 
carves,  approximates  so  nearly  to  the  truth,  that  the  dif- 
ference is  of  no  consequence  :  and  this  method  is  the  best, 
because  it  so  easily  gives  the  means  of  forming  all  the  cogs 
exactly  alike,  and  precisely  the  same  distance  asunder,  which, 
by  the  application  of  any  other  curve  than  the  circle,  is  not 
so  easy.  The  method,  which  is  extremely  simple,  is  explain- 
ed in  fig.  53.  The  wheel  being  made,  and  the  cogs  fixed  in 
much  larger  than  they  are  intended  to  be,  a  circle,  a  a,  is 
described  round  the  face  of  the  rough  cogs  upon  its  pitch 
diameter^  that  is,  the  geometrical  diameter,  or  acting  line  of 
the  cogs  ;  so  that  when  the  two  wheels  are  at  work  together, 
the  pitch  circles,  a  a,  of  the  two  are  in  contact.  Another 
circle,  b  b,  is  described  within  the  pitch  circle  for  the  bottom 
of  the  teeth,  and  a  third,  d  d,  without  it,  for  the  extremities. 
After  these  preparations,  the  pitch  circle  is  accurately  di- 
vided into  the  number  which  the  wheel  is  intended  to  have : 
a  pair  of  compasses  are  then  opened  out  to  the  extent  of  one 
and  a  quarter  of  these  divisions,  and  with  this  radius  arcs  are 
struck  on  each  side  of  every  division,  from  the  pitch  line  a, 
to  the  outer  circle  d  d.  Thus  the  point  of  the  compasses 
being  set  in  the  divison  e,  the  curve/  g,  on  one  side  of  the 
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cog,  and  n  o  on  one  side  of  the  other,  are  described ;  then 
the  point  of  the  compasses  being  set  on  the  adjacent  divi- 
sion k,  the  curve  2  m  is  described.  This  completes  the 
curved  portion  of  the  cogs  e,  and  this  being  done  all  round 
completes  every  tooth;  the  remaining  portion  of  the  cog 
within  the  circle  a,  is  bounded  by  two  straight  lines  drawn 
from  the  points  g  and  m  towards  the  centre;  this  being 
done  to  the  cogs  all  round,  the  wheel  is  set  out,  and  the  cogs, 
being  dressed  or  cut  down  to  the  lines,  will  be  formed  ready 
for  work,  every  cog  being  of  the  same  breadth  ;  and  the  space 
between  every  one  and  its  neighbour  is  exactly  equal  to  the 
breadth,  provided  the  compasses  are  opened  to  the  extent  of 
one  division  and  a  quarter  as  first  described." 

COUPLINGS. 

Coupling  boxes  are  used  to  connect  the  shafts  of  wheels ; 
they  are  either  round  or  square,  and  with  single  or  double 
bearings.  The  square  coupling  with  double  bearings,  is 
represented  in  fig.  54,  where  B,  between  the  bridges  C  D, 
is  a  square  shaft  with  the  coupling  box  resting  upon  it,  ready 
to  be  thrust,  when  occasion  requires  it,  upon  the  shaft  A, 
which  is  out  of  geer,  and  to  which  it  can  be  fastened  by  means 
of  a  pin,  as  shown  at  F,  where  the  shafts  are  in  geer.  The 
round  coupling,  represented  in  fig.  55^is,  when  fastened  on  the 
shafts,  engaged  by  two  bolts  A  B,  andC,  which  pass  through 
the  box  at  right  angles  to  each  other,  and  one  of  them 
through  each  of  the  shafts.  As  it  is  almost  impracticable  to 
form  the  axes  of  two  shafts  with  such  accuracy  that  they  shall 
present  one  truly  straight  line;  and  as  the  shafts  will,  though 
made  never  so  accurate,  wear  unequally,  both  these  couplings 
have  been  found  to  be  somewhat  disadvantageous  in  mill- 
work.  The  square  coupling  with  one  bearing,  is  decidedly 
superior  to  either  of  the  above-mentioned,  as  it  possesses,  to 
acertaindegrce,the  property  ofbeing  flexible  in  all  directions. 
In  conveying  motion  through  a  great  length  of  shafts,  where 
there  is  but  little  lateral  pressure,  it  can  be  used  to  great  ad- 
vantage ;  but  where  there  is  much  lateral  pressure  the  sockets 
are  found  to  wear  away  and  get  loose,  which  occasions  a  hob- 
bling and  inaccurate  motion.  A  longitudinal  section  of  this 
coupling  is  represented  in  fig.  56,  where  A  is  the  square  of 
one  shaft,  B  the  square  of  the  other,  C  C  the  coupling  box, 
and  D  D  two  pins,  one  of  which  passes  through  each  square 
of  the  shafts,  in  order  to  support  the  square  B  in  a  line  with 
the  square  A.  Sometimes  the  square  B  is  held  in  a  line 
with  the  square  A  by  means  of  a  round  projection  F,  from 
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the  centre  of  the  square  A,  entering  into  a  round  hole  in  the 
centre  of  the  square  B. 

Clutches  or  glands  may  be  used  with  much  advantage  as  a 
coupling  for  double  bearings.  Fig.  57  represents  a  coupling 
of  this  kind  ;  it  consists  of  two  crosses,  A  A,  and  B  B,  one 
fixed  to  each  shaft :  B  B  has  its  ends  bended  forward,  and  lays 
hold  of  A  A,  which  turns  ihat  shaft  round. ^ 

In  boring-raills  two  kinds  of  clutches  are  used.  The  one 
for  the  smaller  kinds  of  work  is  represented  in  fig.  58.  A  B  is 
a  round  plate  of  cast  iron  fixed  firmly  on  the  shaft  C;  D  E  a 
lever  fixed  to  the  shaft  H  by  the  bolt  F,  and  capable  of  being 
moved  in  the  direction  of  the  plate  A  B,  so  that  it  can  lay 
hold  of  the  projections  G  G  G  G,  which  will  admit  the  boring 
shaft  H  to  be  thrown  in  and  out  of  geer  at  pleasure. 

The  second  kind  of  boring-mill  clutch,  or  the  one  that  is 
used  to  bore  the  largest  cylinders,  is  represented  in  fig.  59. 
.The  only  difierence  between  this  clutch  and  the  one  just  de- 
scribed, consists  in  having  the  lever  D  E  to  turn  on  a  bolt  at 
F  in  a  cast  iron  plate  I K  L,  instead  of  hanging  from  the  shaft 
H.  Three  spare  sets  of  ears,  which  are  cast  on  the  plate,  to 
be  used  in  case  of  those  in  action  breaking,  support  the  lever 
near  the  point  of  pressure,  and  takes  the  stress  entirely  ofi*the 
bolt  F. 

When  an  engine  is  started,  it  frequently  happens  that  the 
crank  is  on  the  wrong  side  of  the  axis  of  the  fly-wheel,  so  that 
both  that  and  the  shaft  make  one  or  two,  and,  if  the  attend- 
ant is  negligent,  several,  revolutions  in  the  wrong  direction. 
To  prevent  the  mischief  that  would  accrue  from  such  an  oc- 
currence, a  coupling,  as  is  represented  in  fig.  GO,  is  intro- 
duced. A  and  B  are  two  vertical  shafts,  maintained  in  the 
same  line  by  a  small  circular  pin,  which  passes  from  the  shaft 
B  into  a  cavity  on  the  shaft  A,  which  cavity  is  large  enough 
to  admit  the  pin  to  lay  in  it  without  communicating  motion 
to  the  shaft  A.  The  shaft  B,  which  is  connected  with  the 
moving  power,  has  a  coupling  piece  with  prominences  or 
teeth,  perpendicular  on  the  one  side,  and  inclined  on  the 
other,  fixed  on  its  upper  end.  The  coupling  or  catch  box 
C,  which  is  capable  of  sliding  freely  up  and  down  the  square 
part  of  the  shaft  A,  has  a  corresponding  set  of  teeth ;  by 
which  it  is  evident,  that  when  the  shaft  B  turns  the  right 
way,  the  perpendicular  sides  of  the  teeth  of  the  respective 
coupling  pieces  will  act  together,  and  carry  round  the  upper 

*  For  a  method  of  constructing  glands  we  must  refer  our  readers  to  Buc- 
hanan's Essays  on  MiU-wark. 
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shaft  A;  but  when  B  turns  in  a  contrary  direction,  the  in- 
clined sides  of  the  teeth  of  the  catch-box  will  slide  over  the 
inclined  sides  of  the  teeth  of  the  piece  on  the  shaft  B,  and 
cause  the  catch-box  C  to  move  up  and  down  without  com- 
municating motion  to  the  shaft  A. 

Fig.  61  represents  the  coupling  link  used  by  Messrs  Boul- 
ton  and  Watt  in  their  portable  steam-engines.  A,  a  strong 
iron  pin,  projecting  from  one  of  the  arms  of  the  fly-wheel  B ; 
D  a  crank  connected  with  the  shaft  C  ;  and  E  a  link  to  cou- 
ple the  pin  A  and  the  crank  D  together,  so  that  motion  may 
be  communicated  to  the  shaft  C. 

Hook's  universal  joints  are  sometimes  used  to  communi- 
cate motion  obliquely  instead  of  conical  wheels.  Fig.  62 
represents  a  single  universal  joint,  which  may  be  employed 
where  the  angle  does  not  exceed  forty  degrees,  and  when 
the  shafts  are  to  move  with  equal  velocity.  The  shafts  A  and 
B,  being  both  connected  with  a  cross,  move  on  the  rounds  at 
the  points  C  E  and  D  F,  and  thus,  if  the  shaft  A  is  turned 
round,  the  shaft  B  will  likewise  turn  with  a  similar  motion  in 
its  respective  position. 

The  double  universal  joint,  fig.  63,  conveys  motion  in  dif- 
ferent directions  when  the  angle  is  between  50  and  90 degrees. 
It  is  at  liberty  to  move  on  the  points  G,  H,  I,  K,  connected 
with  the  shaft  B  ;  also  on  the  points  L,  M,  N,  I,  connected 
with  the  shaft  A  :  thus  the  two  shafts  are  so  connected,  that 
the  one  cannot  turn  without  causing  the  other  to  turn  like- 
wise. These  joints  may  be  constructed  by  a  cross  of  iron, 
or  with  four  pins  fastened  at  right  angles  upon  the  circum- 
ference of  a  hoop  or  of  a  solid  ball :  they  are  of  great  use 
in  cotton  mills,  where  the  tumbling  shafts  are  continued  to  a 
great  distance  from  the  moving  power ;  for  by  applying  a 
universal  joint,  the  shafts  may  be  cut  into  convenient  lengths, 
and  so  be  enabled  to  overcome  a  greater  resistance. 

OF  DISENGAGING  AND  RE-ENGAGING  MACHINERY. 

A  knowledge  of  the  best  methods  of  disengaging  and  re- 
engaging machinery,  or,  as  the  workmen  call  it,  throwing  in 
and  out  of  geer,  is  found  to  be  highly  necessary  in  most  ma- 
nufactories ;  and  yet  it  frequently  happens  that  the  workmen 
are  either  very  ignorant  of,  or  very  inattentive  to,  this  im- 
portant subject. 

Matter  possesses  a  certain  property  iermedinertia,  which 
has  a  tendency  to  maintain  it  in  the  state  in  which  it  actually 
is ;  that  is  to  say,  if  a  body  is  set  in  motion,  this  property  has 
a  tendency  to  maintain  it  for  ever  in  that  state,  and  certainly 
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woaldywereit  not  gradually  overcome  by  friction,  or  suddenly 
stopped  by  some  stronger  power ;  the  same  may  be  said  of  a 
body  in  a  state  of  rest,  as  this  property  would  ever  maintain 
it  in  that  state,  were  not  some  stronger  force  applied  to  set  it 
in  motion.  Such  being  the  case,  it  frequently  occurs,  when 
powerful  machinery  is  moving  with  some  velocity,  and  ano- 
ther part,  which  is  out  of  geer,  is  suddenly  connected  with 
it,  or  thrown  in  geer,  that  the  shock  proceeding  from  inertia 
snaps  the  teeth  of  the  wheels,  or  causes  destruction  to  some 
other  part  of  the  machinery.  To  obviate  this  as  much  as 
possible,  such  means  should  be  resorted  to,  as  have  been 
found  in  practice  to  answer  best.  The  risk  of  breaking 
the  teeth  may  be  considerably  lessened  by  first  setting 
the  wheel,  that  is  to  be  thrown  in  geer,  in  motion  by  the 
band. 

The  methods  that  have  been  adopted  for  throwing  the  ma- 
chinery in  and  out  of  geer  are  various  ;  some  of  the  princi- 
pal of  which  we  shall  now  proceed  to  notice. 

Piff.  64  represents  the  sliding  pulley.  P  a  pulley,  having 
a  bellow  cylindrical  bush  made  so  that  it  can  revolve  easily 
upon  the  axle  and  slide  backward  and  forward  upon  it ;  B  a 
part  Qf4be  bush  projecting  on  one  side  of  the  pulley,  having 
a  groove  sufficiently  large  to  admit  the  lever  L  to  lay  in  it 
wkhout  impeding  its  motion ;  C  G  a  cross  or  gland  fixed 
firm  to  the  axle  ;  and  I,  one  or  more  teeth,  projecting  from 
the  pulley  on  the  side  opposite  to  the  bush.  When  ,the  axle 
A  D  is  required  to  be  put  in  motion,  the  lever  L  must  be 
moved  towards  the  gross  or  gland  C  6,  so  that  the  teeth  upon 
the  pnlley  may  catch  hold  of  and  carry  it  round  with  it. 

The  fast  and  loose  pully  is  represented  in  fig.  65.  B  is  a 
policy  firmly  fixed  on  the  axle  A,  and  C  a  pully  with  a  bush, 
•o  that  it  can  revolve  upon  the  axle  A  without  communicating 
motion  to  it.  This  contrivance  is  remarkable  for  its  beauti- 
ful simplicity,  as  the  axle  A  can  be  thrown  in  and  out  of 
geer  at  pleasure,  without  the  least  shock,  by  simply  passing 
a  strap  from  the  one  pulley  to  the  other. 

The  bayonet  in  its  construction  somewhat  resembles  the 
sliding  pulley.  It  is  shown  in  fig.  66.  A  is  a  pulley  or 
binder,  connected  with  the  moving  machinery  by  means  of  a 
strap,  and  revolvinp;  upon  the  horizontal  shaft  B  C,  which  is 
out  of  geer ;  D  E  is  a  pulley  or  wheel,  made  of  either  metal 
or  wood,  fixed  firmly  to  the  horizontal  shaft,  and  having  two 
boles  to  allow  the  legs  of  the  bayonet  to  pass  through ;  F  6 
jf  the  bayonet,  huring  a  bush,  and  capable  of  being  moved 
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backward  and  forward  upon  the  horizontal  shaft  by  pushiog 
the  handle  H  H ;  so  that  when  the  shaft  B  C  is  required 
to  be  put  in  motion,  the  attendant  has  only  to  push  the 
bayonet  into  the  pulley  D  E,  which  will  immediately  carry  it 
round. 

Fig.  67  represents  one  of  the  simplest  ways  of  disengag- 
ing and  re-engaging  wheels.  A  B,  the  bridge  of  the  wheel, 
No.  1,  acts  as  a  lever,  having  its  fulcrum  at  A  ;  the  other 
end  of  the  bridge  B  is  capable  of  being  lifted  by  the  key 
K  K. '  When  the  wheel,  No.  2,  is  required  to  be  thrown  oat* 
of  geer,  the  key  K  K  is  pressed  downwards,  and  the  end  of 
the  bridge  B  rests  upon  the  extreme  end  of  the  key,  as  shown 
by  the  dotted  lines. 

The  tightening  roller  is  represented  in  fig.  68.  A  and  B 
are  two  pullies,  the  one  to  receive,  and  the  other  to  transmit, 
motion,  by  means  of  the  strap  C:  D  is  the  tightening  roller, 
fastened  to  a  movable  arm  £,  and  connected  with  a  lever 
6  F.  When  the  moving  pulley,  (suppose  A,)  is  required  to 
give  motion  to  the  other  pulley  B,  the  lever  G  F  must  be 
pushed  downwards,  which  will  tighten  the  strap  byplaetng 
the  tightening  roller  in  the  position  represented  by  the  dot* 
ted  lines,  and  cause  the  pulley  A  to  carry  the  pulley  B  romid 
with  it. 

The  friction  clutch,  represented  in  fig.  69,  is  used  to  dii* 
engage  and  re-engage  machinery,  when  the  velocity  of  the 
moving  parts  is  very  great.  A  is  a  pulley,  having  a  buafa, 
and  revolving  freely  on  the  shaft  S  S :  B  is  another  pulley, 
having  a  similar  bush,  and  also  capable  of  revolving  on  the 
shaft :  C  C  is  a  dish-spring,  secured  in  its  place  by  the  pin 
p  p,  and  forcing  the  pulley  B  against  the  collar  D,  which  is 
fixed  permanently  to  the  shaft.  When  motion  is  required 
to  be  communicated  to  the  shaft  S  S,  the  pulley  A  is  moved 
towards  the  pulley  B,  and  the  teeth  projecting  from  the  side 
of  the  pulley  A,  clasps  those  of  the  pulley  B,  and  carries  it 
round  with  it ;  and  the  friction  of  the  pulley  B  against  the 
collar  D,  gradually  overcomes  the  inertia  and  carries  the 
shaft  and  connecting  machinery  also  round. 

The  friction  clutch,  represented  in  fig.  70,  is  a  very  excel- 
lent contrivance,  as  it  prevents  all  those  injurious  shocks  which 
the  machinery  is  apt  to  receive  upon  being  thrown  into  geer. 
C  C  is  a  cross  fixed  firm  on  the  moving  shaft  A ;  and  E  is  a 
pulley  or  drum  fixed  firm  on  the  shaft  to  be  moved,  B.  When 
the  shaft  B  is  required  to  be  moved,  the  clutch  or  bayonet 
K  is  made  to  pass  through  the  arms  of  the  cross,  C  C,  and 
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clasp  the  screw-hoop  I  I,  which  is  by  that  means  carried 
round  with  the  shaft  A,  and  the  friction  caused  by  the  screw- 
hoop  I  ly  turning  upon  the  drum  or  pulley  E,  causes  the  drum 
and  the  shaft  B,  to  which  it  is  attached,  to  turn  likewise. 

The  friction  cone  is  very  similar  in  its  effects  to  the  fric-  * 
tion  clutch.  On  the  moving  shaft  A,~fig.  71,  is  fixed  a  cone 
C ;  and  on  the  shaft  B  is  another  cone,  D,  made  to  fit  in  the 
cone  C.  The  cone  D  is  movable  on  a  square  part  of  the 
shaft  B,  and  may,  by  a  lever,  be  moved  in  and  out  of  geer. 
'  When  the  cone  D  is  moved  forward,  the  cone  C  receives 
motion  by  its  internal  surface. 

In  fig.  72  is  represented  the  self  disengaging  coupling. 
Two  shafts,  A  and  B,  have  each  of  them  a  cast  iron  wheel, 
with  four  oblique  wrought  iron  teeth ;  but  the  wheel  on  the 
shaft  is  movable^  on  A  it  is  fixed.  When  the  coupling  is 
engaged,  the  teeth  of  the  wheel  C  lay  hold  of  the  teeth  of 
the  wheel  D,  and  carry  it,  and  the  shaft  A,  round  with  the 
riiaft  B.  E  F  6  is  a  bent  lever,  having  its  fulcrum  at  F, 
which,  during  the  ordinary  stress  on  B,  keeps  forward  the 
bayonet  C,  by  the  weight  of  the  part  F  G ;  but  when  a  more 
than  usual  stress  comes  on  the  shaft  B,  the  pressure  on  the 
oblique  teeth  forces  the  bayonet  back,  and  disengages  the 
coupling,  and  the  lever  is  held  by  a  catch  until  the  coupling 
is  re-en^iged  by  the  hand  of  the  workman. 

ON  S<^UALIZ1NG  THE  MOTION  OF  MACHINERY. 

The  regulation  of  the  velocity  of  a  mill  is  a  matter  of  very 
great  importance  to  preserve  an  uniformity  of  motion,  either 
when  the  force  of  the  first  mover  is  fluctuating,  or  when  the  re- 
sistance or  work  of  the  mill  varies  in  its  degree :  either  or  both 
of  these  causes  will  occasion  the  mill  to  accelerate  or  diminish 
its  velocity ;  and  in  many  instances  it  will  have  a  very  injurious 
eflfect  upon  the  operations  of  the  mill.  Thus,  in  a  mill  for 
spinning  cotton,  wool,  flax,  &c.  driven  by  a  water-wheel,  are 
a  maltiplicity  of  movements,  many  of  which  are  occasionally 
disengaged,  in  different  parts  of  the  mill,  for  various  purposes. 
This  tends  to  diminish  the  resistance  to  the  first  mover,  and 
the  whole  mill  accelerates.  Or,  on  the  other  hand,  the  head 
of  water  which  drives  the  wheel  may  be  liable  to  rise  and 
fall  suddenly,  from  many  causes,  which  great  and  rapid  rivers 
are  subject  to,  and  cause  similar  irregularities  in  the  speed  of 
the  wheel.  For  such  cases  judicious  mechanics  have  adopted 
cmitrivances,  or  regulators,  vtrhich  counteract  all  these  causes 
of  irregularity ;  and  a  large  mill,  so  regulated,  will  move  like 
a  clock,  with  regard  to  its  regularity  of  velocity.     These  re- 
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gulators  are  usually  called  gavemora,  and  are  made  on  dif- 
ferent principles.  Those  most  generally  used  are  called  fly- 
ing-balls, operating  by  the  centrifugal  force  of  two  heavy 
balls,  which  are  connected  and  revolve  with  a  vertical  axis. 
Fig.  189,  steam-engine,  is  the  simplest  form  of  this  ingenious 
apparatus :  A  A  is  the  verticala^cis,  which  is  constantly  revolv- 
ing by  the  machinery ;  at  o  a  two  arms  or  pendulums,  ab^abf 
are  jointed,  and  carry  at  their  extremities  a  heavy  metal  ball 
each  as  6,  6;  from  the  pendulum  two  chains  or  iron  rods,  d 
d,  proceed,  and  suspend  a  collar  e,  which  slides  freely  up  and 
down  the  axis,  and  has  a  groove  formed  all  round  it,  in  which 
the  end  of  a  forked  lever,  D,  is  received ;  and  thus  the  rising 
and  the  falling  of  the  collar  e,  produces  a  corresponding  mo- 
tion of  the  end  of  the  lever  D  ;  but  the  collar  is  always  at 
liberty  to  turn  round  with  the  axis  freely  wiibin  the  fork,  at 
the  extremity  of  the  Fevef.  The  operation  of  the  governor 
is  this :  when  the  vertical  axis  is  put  in  motion,  the  centri- 
fugal force  of  the  balls  6,  6,  causes  them  to  recede  from  the 
centre ;  and  as  this  is  done  both  together,  they  cause  the  col- 
lar 6,  and  the  end  of  the  lever,  to  rise  up :  the  balls  fly  out  to 
a  certain  height,  and  there  they  continue  as  long  as  the  aiia 
preserves  the  same  Velocity ;  as  it  is  the  property  of  a  pen- 
dulous ball,  like  6,  to  make  ^  greater  eflbrt  to  return  to  the 
perpendicular,  in  proportion  as  it  is  removed  farther  from  it, 
in  consequence  of  the  suspending  rod  being  more  inclined, 
and  bearing  less  of  its  weight.  The  weight  of  the  balls  to 
return  to  the  axis  may  be  considered  as  a  constantly  increas- 
ing quantity;  while  the  quantity  of  the  centrifugal  force,  caus- 
ing them  to  recede  from  the  axis,  depends  exactly  upon  the 
Velocity  given  them.  But  this  velocity  increases  as  they  open 
out,  independently  of  any  increased  velocity  of  the  axis,  in 
eonsequence  of  their  describing  a  larger  circle.  The  com- 
bination of  these  oppositely  acting  forces  causes  the  governor 
to  be  a  most  sensible  cmd  delicate  regulator.  Thus :  suppose 
the  balls  hanging  perpendicular  put  the  axis  in  motion  with 
a  certain  velocity,  the  centrifugal  force  will  cause  the  balls 
to  fly  out ;  and  this  increasing  their  velocity,  (by  putting 
them  farther  from  the  centre,  and  causing  them  to  revolve  in 
a  larger  circle,)  gives  them  a  greater  centrifogal  force,  which 
would  carry  them  still  farther  from  the  centre,  but  for  the 
counteracting  force,  viz.  the  weight  of  the  balls  tending  to 
return.  This  is,  as  before  stated,  an  increasing  quantity, 
and  consequently  these  opposite  forces  come  to  a  point  where 
they  balance  each  other ;  that  is,  the  balls  fly  out  till  their 
weight  to  return  balances  the  centrifugal  force.     But  if  the 
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slightest  alterattOD  takes  place  in  the  velocity  of  the  axis^  the 
e<^iUbrium  is  destroyed  by  the  increase  or  diminution  of  the 
centfifogal  force,  and  tfhe  balls  alter  their  distance  front  the 
centre  accordingfy,  and,  by  elevating  or  depressing  the  end 
of  the  lever,  operate  upon  some  part  of  the  mill  to  rectify  the 
cause  of  the  irregalarity.  In  a  steam-engine,  the  lever  acts 
upon  a  vane  or  door  situated  in  the  passage  of  the  steam  ftooi 
the  boiler  to  the  cylinder;  and  if  the  mill  loses  in  velocity, 
from  an  increase  of  resistance,  the  balls  fall  together  a  little, 
and  the  consequent  fall  of  thelever  opens  the  door  or  throt- 
tle-val?e  a  little  widei^,  and  gives  a  stronger  supply  of  steam 
to  restore  the  mill  to  its  original  velocity.  On  the  other 
hand,  if  the  mill  accelerates,  the  balls  open  out  and  then 
close  the  vane,  so  as  to  moderate  the  supply  of  steam. 

A  water-wheel  is  not  so  easily  regulated  by  the  governor, 
because  the  shuttle  of  a  large  wheel  requires  a  much  greater 
force  to  raise  or  lower  it,  when  the  water  is  pressing  against 
it,  than  the  lever  D,  can  at  any  time  possess ;  it  therefore 
becomes  requisite  to  introduce  some  additional  machinery, 
which  has  sufficient  power  to  move  the  shuttle,  and  this  is 
thrown  in  or  out  of  action  by  the  flying  balls.  The  simplest 
contrivance,  and  that  which  we  believe  was  the  regulator-  first 
naed  for  a  water-wheel,  was  erected  at  a  cotton-mill  at  fielper, 
in  Derbyshire,  belonging  to  Mr  Strutt.  A  square  well,  or 
large  cistern,  was  situated  close  by  the  water-wheel :  it  had  a 
pipe  leading  from  the  mill-dam  into  it,  to  admit  water ;  and 
another  pipe  from  it  to  the  mill-tail,  to  take  the  water  away : 
both  were  closed  at  pleasure  by  cocks  or  sluices.  Within 
the  well  was  a  large  floating  chest,  very  nearly  filling  up  the 
space :  it  of  course  rose  and  fell  with  the  water  in  the  cistern, 
and  had  a  communication  by  rack  or  wheel-work  with  the 
machinery  for  drawing  the  shuttle,  so  that  the  rise  and  fall  of 
the  floating  chest  elevated  and  depressed  the  shuttle  of  the 
wheel.  The  lever  of  the  governor  was  connected  with  the 
cocks  in  the  two  pipes  in  such  a  manner,  that  when  the  milt 
was  going  at  its  intended  velocity,  both  of  the  cocks  were 
shot;  but  if  the  water-wheel  went  too  slowly,  the  falling  of 
the  balls  and  descent  of  their  lever  D,  opened  the  cock  in  the 
pipe  of  supply,  and,  by  lettins  water  into  the  well,  raised  the 
float,  and,  with  it,  the  shuttle,  to  let  more  water  upon  the 
wheel,  till  it  acquired  such  a  velocity  that  the  balls  began  to 
open  out  again,  and  thus  shut  the  cock :  on  the  other  hand, 
if  the  mill  went  too  fast,  the  balls  opened  the  pipe  of  exit 
from  the  well,  and  then  the  sinking  of  the  float  closed  the 
shuttle  till  the  true  velocity  was  restored. 
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S'mce  this  first  application  of  the  regulator  to  the  water- 
wheel,  the  manner  of  its  operation  has  been  greatly  varied ; 
and  as  the  same  mechanism  is  applicable  to  any  kind  of  milK 
work,  we  shall  give  a  slight  sketch  of  it.  Suppose  A,  fig.  74, 
an  axis,  receiving  its  motion  from  the  mill  by  wheet-work; 
it  is  provided  with  a  pair  of  governors,  a  6,  a  6,  constructed 
like  those  before  described;  and  at  the  lower  part  of  the 
spindle  is  a  bevelled  wheel,  R,  turning  two  others,  B  and  C, 
situated  upon  one  spindle,  D,  which  goes  away,  and  commu- 
nicates motion  to  the  racks  of  the  shuttle ;  the  wheels,  B  and 
C,  are  neither  of  them  fixed  to  the  spindle  D,  but  both  slip 
round  freely  upon  it,  turning  in  contrary  directions,  as  they 
receive  motion  from  the  opposite  sides  of  the  wheel  R.  A 
locking  clutch,  d,  is  fitted  upon  the  spindle  between  these 
two  wl^els,  B,  C,  and  can,  by  moving  it  one  way  or  the  other, 
be  made  to  lock  either  one  of  the  wheels  to  the  spindle  D, 
at  the  same  time  that  it  leaves  the  other  disengag^.  The 
locking-box  is  moved  by  means  of  a  lever,  shown  in  fig.  75, 
the  arm  m  having  a  fork  to  embrace  a  groove  in  the  Ik>x  ;  the 
lever  is  fixed  on  a  vertical  axis  n,  which  has  at  the  upper  end 
two  other  levers,  o,  j>;  these  lay  one  at  each  side  oi  the  ver- 
tical axis  A,  but  at  diflferent  heights,  as  is  evident  from  the 
figure.  The  collar  e,  which  is  raised  up  when  the  balls  fly 
out,  is  fitted  upon  a  square  part  of  the  spindle  A,  and  is 
formed  like  a  snail  or  camm,  which  will  act  upon  either  of 
the  levers  o  or  p,  according  to  the  height  at  which  it  hangs 
upon  its  spindle.  Now  when  the  mill  is  going  with  its  true 
velocity,  this  camm  e  is  at  such  a  height  that  it  is  beneath 
one  lever,  o,  and  above  the  other^  p,  so  as  to  interfere  with 
neither ;  consequently  the  locking-box,  d,  remains  detached : 
but  on  any  alteration  in  the  velocity  of  the  mill  and  the  axis 
.  A,  the  balls  open  or  shut,  as  before  explained,  and  the  camm, 
e,  either  rises  or  falls,  and  then  it  presses  against  one  of  the 
levers,  o  or  p,  and  by  pushing  it  away  fi^om  the  axis,  it  moves 
the  lever  m,  and  the  locking-box  d,  up  to  one  of  the  wheels, 
B  or  C,  which  it  locks  to  the  axis  D,  and  turns  it  round  in 
the  direction  of  that  wheel's  motion,  by  which  it  either  raises 
or  depresses  the  water-wheel's  shuttle,  as  is  required.  This 
apparatus  may,  it  is  plain,  be  applied  to  any  other  kind  of 
mill-work. 

Governors  or  flying-balls  are  very  frequently  used  in  the 
wind-mills  employed  for  grinding  flour :  the  variable  force  of 
this  first  mover  renders  some  such  regulator  necessary,  to 
increase  the  resistance,  by  allowing  a  greater  feed  of  corn, 
when  the  mill  moves  too  quickly,  and  thus  in  some  degree 
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ooonterecting  the  irregularity.  If  the  mill  moves  too  slowly, 
the  balls  tend  to  diminish  the  feed,  and  at  the  same  time 
they  raise  the  upper  stone,  to  set  them  at  a  greater  distance 
•Minder,  that  they  may  require  less  power  to  drive  them,  and 
consequently  suffer  the  mill,  as  nearly  as  it  can,  to  retain  its 
foil  velocity,  though  the  motive  force  is  greatly  diminished. 
Th'M  application  of  the  governor  was,  we  believe,  first  made 
by  the  ingenious  captain  Hooper  of  Margate,  who  invented 
tbe  horizontal  wind-mill.  It  is  a  very  great  advantage,  and 
DO  wind-mill  should  be  without  them.  Many  wind-mills  are 
provided  with  flying-balls,  which,  by  very  ingenious  me- 
chaoism,  clothe  and  unclothe  the  sails  just  in  proportion  to 
the  strength  of  the  wind. 

In  many  mills  it  is  of  consequence  to  be  able  to  detect 
small  variations  in  the  velocity,  and  to  ascertain  the  quantity 
of  them ;  for  tbe  governor  only  corrects  the  irregularities, 
witbout  showing  any  scale  of  them.  In  cases  where  this  is 
required,  it  may  be  done  by  a  very  ingenious  instrument, 
invented  by  Mr  Bryan  Donkin,  of  Fort-place,  Bermondsey. 
He  received  a  gold  medal  from  the  Society  of  Arts,  Manu- 
ftctures,  and  Commerce,  in  1810,  for  this  instrument,  which 
be  calls  a  tachometer. 

A  JratU  mew  of  Mr  Donkin^8  tachometer,  or  instrument 
for  indicating  the  velocity  of  Machinery,  is  represented  in 
fig.  76,  and  a  side  view  in  fig.  77.  X  Y  Z,  fig.  76,  is  the  ver- 
tical section  of  a  wooden  cup,  made  of  box,  which  is  drawn 
in  elevation  at  X,  fig.  77.  The  whiter  parts  of  the  section, 
in  fig.  76,  represent  what  is  solid,  and  the  dark  parts  what  is 
hollow*  This  cup  is  filled  with  mercury  up  to  the  level  L  L, 
fig.  76.  Into  ihe  mercury  is  immersed  the  lower  part  of  the 
Bpri^bt  glass  tube  A  B,  which  is  filled  with  coloured  spirits 
of  .wme,  and  open  at  both  ends;  so  that  some  of  the  mercury 
io  tbe  cop  enters  at  the  lower  orifice,  and  when  every  thing 
is  at  rest,  supports  a  long  column  of  spirits,  as  represented 
in  tbe  figure.  The  bottom  of  the  cup  is  fastened  by  a  screw 
to  a  short  vertical  spindle  D,  so  that  when  the  spindle  is 
whirled  round,  the  cup  (whose  figure  is  a  solid  of  revolution,) 
revolves  at  the  same  time  round  its  axis,  which  coincides 
with  that  of  the  spindle. 

In  consequence  of  this  rotation,  the  mercury  in  the  cup 
acquires  a  centrifugal  force,  by  which  its  particles  are  thrown 
OQtwardSy  and  that  with  the  greater  intensity,  according  as 
they  are  more  distant  from  the  axis,  and  according  as  the 
aagolar  velocity  is  greater.  Hence,  on  account  of  its  fluidity, 
tbe  mercury  rises  higher  and  higher  as  its  recedes  from  tbe 
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axb,  and  consequently  sinks  in  the  middle  of  the  cup ;  this 
elevation  at  the  sides  and  consequent  depression  in  the  mid^ 
die  increasing  always  with  the  velocity  of  rotation.  Now 
the  mercury  in  the  tube,  though  it  does  not  revolve  with  the 
cup,  cannot  continue  tugher  than  the  mercury  immediately 
surrounding  it,  nor  indeed  so  high,  on  account  of  the  super- 
incumbent column  of  spirits.  Thus  the  mercury  in  the  tube 
will  sink,  and  consequently  the  spirits  also ;  but  as  that  part 
of  the  tube  which  is  within  the  cup  is  much  wider  than  the 
part  above  it,  the  depression  of  the  spirits  will  be  much 
greater  than  that  of  the  mercury,  being  in  the  same  propor- 
tion in  which  the  square  of  the  larger  dian^eter  exceeds  the 
square  of  the  smaller. 

Let  us  now  suppose,  that  by  means  of  a  cord  passing  round 
a  small  pulley  F,  and  the  wheel  G  or  H,  or  in  any  other  con- 
venient way,  the  spindle  D  is  connected  with  the  machine 
whose  velocity  is  to  be  ascertained.  In  forming  this  con- 
nection, we  must  be  careful  to  arrange  matters  so,  that  when 
the  machine  is  moving  at  its  quickest  rate,  the  angular  velo- 
city of  the  cup  shall  not  be  so  great  as  to  depress  the  spirits 
below  C  into  the  wider  part  of  the  tube.  We  are  also,  as 
in  the  figure,  to  have  a  scale  of  inches  and  tenths  applied  to 
A  C,  the  upper  and  narrower  part  of  the  tube,  the  numera- 
tion being  carried  downwards  from  zero,  which  is  to  be 
placed  at  the  point  to  which  the  column  of  spirits  rises  when 
the  cup  is  at  lest* 

Then  the  instrument  will  be  adjusted,  if  we  mark  on  the 
scale  the  point  to  which  the  column  of  spirits  is  depressed, 
when  the  machine  is  moving  with  the  velocity  required. 
But,  as  in  many  cases,  and  particularly  in  steam-enginea, 
ihere  is  a  continued  oscillation  of  velocity,  in  those  cases  we 
have  to  note  the  two  points  between  which  the  column 
x)scillate8  during  the  most  advantageous  movement  of  the 
.machine. 

Here  it  is  proper  to  observe,  that  the  height  of  the  column 
^f  spirits  will  vary  with  the  temperature,  when  other  circum- 
stances are  the  same.  On  this  account  the  scale  ought  to 
he  movable,  so  that,  by  slipping  it  upwards  or  downwards, 
ithe  zero  may  be  placed  at  the  point  to  which  the  coluo^a 
j-eaches  when  the  cup  is  at  rest ;  and  thus  the  instrument 
^ay  be  adjusted  to  the  particular  temperature  with  the  utmost 
facility,  and  with  sufficient  precision.  The  essential  parts 
<of  the  tachometer  have  now  been  mentioned,  as  well  as  the 
method  of  adjustment ;  but  certain  circumstances  remain  to 
tbe  stated. 
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Tbe  form  of  the  cap  is  adapted  to  render  a  smaller  quan- 
tity of  mercury  sufficient  than  what  must  have  been  employ- 
ed either  with  a  cylindrical  or  hemispherical  vessel.  In  every 
case  two  precautions  are  necessary  to  be  observed : — firsts 
that  when  the  cup  is  revolving  with  its  greatest  velocity,  the 
mercury  in  the  middle  shall  not  sink  so  low  as  to  allow  any 
of  the  spirits  in  the  tube  to  escape  from  the  lower  orifice, 
and  that  the  mercury,  when  most  distant  from  the  axis,  shall 
not  be  thrown  out  of  the  cup.  Secondly,  that  when  the  cup 
is  at  rest,  the  mercury  shall  raise  so  high  above  the  lower  end 
of  the  tube,  that  it  may  support  a  column  of  'spirits  of  the 
proper  length. 

Now  in  order  that  the  quantity  of  mercury,  consistent 
with  these  conditions,  may  be  reduced  to  its  minimum,  it  is 
necessary — first,  that  if  M  M,  fig.  76,  is  the  level  of  the 
mercury  at  the  axis,  when  the  cup  is  revolving  with  the 
greatest  velocity,  the  upper  part  M  M  X  Y  of  the  cup  should 
be  of  such  a  form  as  to  have  the  sides  covered  only  with  a 
thin  film  of  the  fluid ;  and,  secondly,  that  for  the  purpose  of 
rainog  the  small  quantity  of  mercury  to  tbe  level  L  L,  which 
may  support  a  proper  height  of  spirits  when  the  cup  is  at 
rest;  the  cavity  of  tbe  cup  should  be  in  a  great  measure 
occupied  by  the  block  K  K,  having  a  cylindrical  perforation 
in  the  middle  of  it  for  the  immersion  of  the  tube,  and 
leaving  sufficient  room  within  and  around  it  for  the  mercury 
to  move  freely  both  along  the  sides  of  the  tube  and  of  the 
vessel. 

Tbe  block  K  K  is  preserved  in  its  proper  position  in  the 
cup  or  vessel  X  Y  Z,  by  means  of  three  narrow  projecting 
slips  or  ribs  placed  at  equal  distances  round  it,  and  is  kept 
from  raising  or  floating  upon  the  mercury  by  two  or  three 
small  iron  or  steel  pins  inserted  into  the  under  side  of  the 
cover,  near  the  aperture  through  which  the  tube  passes. 

It  would  be  extremely  difficult,  however,  nor  is  it  by  any 
means  important,  to  give  to  the  cup  the  exact  form  which 
wouM  reduce  the  quantity  of  mercury  to  its  minimum ;  but 
we  shall  have  a  sufficient  approximation,  which  may  be  exe- 
cuted with  great  precision,  if  the  part  of  the  cup  above  M  M 
is  made  a  parabolic  nonoid,  the  vertex  of  the  generating  para- 
bola being  at  that  point  of  the  axis  to  which  the  mercury 
sinks  at  its  lowest  depression,  and  tbe  dimensions  of  the 
parabola  being  determined  in  the  following  manner.  Let 
V  6,  fig.  78,  represent  the  axis  of  the  cup,  and  V  the  point 
to  which  the  mercury  sinks  at  iU  lowest  depression  ;  at  any 
point  G  above  V,  draw  6  H  perpendicular  to  V  G;  let  n  be 
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the  Dumber  of  revolutions  which  the  cup  is  to  perforin  in 
1"  at  its  quickest  motion;  let  v  be  the  number  of  inches 
which  a  body  would  describe  uniformly  in  1",  with  the  velo- 
city acquired  in  falling  from  rest,*  through  a  height  =  to 

G  V,  and  makeGH  =  ^  ,^    ,     Then,  the  parabola  to  be 
o  14  n 

determined  is  that  which  has  v  for  its  vertex,  V  G  for  its 
axis,  and  G  H  for  its  ordinate  at  G.  The  cup  has  a  lid  to 
prevent  the  mercury  from  being  thrown  out  of  it,  an  event 
which  would  t&ke  place  with  a  very  moderate  velocity  of 
rotation,  unless  the  sides  were  raised  to  an  inconvenient 
height;  but  the  lid,  by  obstructing  the  elevation  at  the  sides 
of  the  cup,  will  diminish  the  depression  in  the  middle,  and 
consequently  the  depression  of  spirits  in  the  tube :  on  this 
account  a  cavity  is  formed  in  the  block  immediately  above 
the  level  L  Lf  where  the  mercury  stands  when  the  cup  is  at 
rest;  and  thus  a  receptacle  is  given  to  the  fluid,  which  would 
otherwise  disturb  the  centrifugal  force  and  impair  the  sensi- 
bility of  the  instrument. 

It  will  be  observed,  that  the  lower  orifice  of  the  tube  is 
turned  upwards.  By  this  means,  after  the  tube  has  becD 
filled  with  spirits  by  suction,  and  its  upper  orifice  stopped 
with  the  finger,  it  may  easily  be  conveyed  to  the  cup  and 
immersed  in  the  quicksilver  without  any  danger  of  the  spirits 
escapjng ;  a  circumstance  which  otherwise  it  would  be  ex- 
tremely difllcult  to  prevent,  since  no  part  of  the  tube  can  be 
made  capillary,  consistently  with  that  free  passage  to  the 
fluids,  which  is  essentially  necessary  to  the  operation  of  the 
instrument. 

We  have  next  to  attend  to  the  method  of  putting  the 
tachometer  in  motion  whenever  we  wish  to  examine  the  velo- 
city of  the  machine.  The  pulley  F,  which  is  continually 
whirling  during  the  motion  of  the  machine,  has  no  connec- 
tion whatever  with  the  cup,  so  long  as  the  lever  Q  R  is  left 
to  itself.  But  when  the  lever  is  raised,  the  hollow  cone  T, 
which  is  attached  to  the  pulley  and  whirls  along  with  it,  is 
also  raised,  and  embracing  a  solid  cone  on  the  spindle  of  the 
cup,  communicates  the  rotation  by  friction.  When  our  ob- 
servation is  made,  we  have  only  to  allow  the  lever  to  drop  by 
its  own  weight,  and  the  two  cones  will  be  disengaged  and 
the  cup  remain  at  rest. 

The  lever  Q  R  is  connected  by  a  vertical  rod  to  another 
lever  ^,  having,  at  the  extremity  S  a  valve,  which,  when  the 
lever  Q  R  is  raised,  and  the  tachometer  is  in  motion,  is 
lifted  up  from  the  top  of  the  tube,  so  as  to  admit  the  external 
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air  upon  the  depression  of  the  spirits;  on  the  other  hand,  when 
the  lever  Q  R  falls,  and  the  cup  is  at  rest,  the  valve  at  S  closes 
the  tube,  and  prevents  the  spirits  from  being  wasted  by  eva- 
poration. 

It  is  lastly  to  be  remarked,  that  both  the  sensibility  and 
the  range  of  the  instrument  may  be  infinitely  increased  ;  for, 
on  the  one  hand,  by  enlarging  the  proportion  between  the 
diameters  of  the  wide  and  narrow  parts  of  the  tube,  we  en- 
large in  a  much  higher  proportion  the  extent  of  scale  corres- 
ponding to  any  given  variation  of  velocity;  and  on  the  other 
hand,  by  deepening  the  cup  so  as  to  admit  when  it  is  at  rest 
a  greater  height  of  mercury  above  the  lower  end  of  the  tube, 
we  lengthen  the  column  of  spirits  which  the  mercury  can 
soppoit,  and  consequently  enlarge  the  Velocity,  which,  with 
any  given  sensibility  of  the  instrument,  is  requisite  to  depress 
the  spirits  to  the  bottom  of  the  scale.  Hence  tiie  tachometer 
is  ca[mble  of  being  employed  in  very  delicate  philosophical 
experiments,  more  especially  as  a  scale  might  be  applied  to 
it,  indicating  equal  increments  of  velocity.  But  in  the  pre- 
sent account  it  is  merely  intended  to  state  how  it  may  be 
adapted  to  detect  in  machinery  every  deviation  from  the  most 
advantageous  movement. 

General  Observations. — In  setting  out  the  geering  of  a  mill, 
it  should  be  the  object  of  the  engineer  to  place  the  heaviest 
machinery  nearest  the  moving  power,  as,  in  transmitting  mo- 
tion to  a  great  distance,  not  only  the  weight  of  shafting  is  to 
be  taken  into  consideration,  but  the  friction  which  exists 
in  all  the  difierent  bearings,  and  which  is  greatly  increased 
by  a  small  obstacle  placed  beyond  those  bearings. 

Care  likewise  should  be  taken  to  make  as  few  bearings  as 
possible,  still  keeping  in  view  that  the  shafts  must  not  be 
allowed  to  swag.  Rules  might  be  given  for  the  distances  of 
the  bearings  of  the  shafting,  if  the  shafting  had  only  to  move 
itself,  but  having  to  carry  various  sized  pullies,  both  their 
weight  and  the  weight  of  the  machinery  they  turn  must  be 
taken  into  consideration,  which  compel  us  to  forego  the  at- 
tempt ;  it  is,  however,  necessary  to  state,  that  it  is  better  to 
have  a  bearing  too  many  than  to  allow  a  shaft  to  bend,  as  it 
cannot  then  run  true  in  its  steps  or  journals. 

In  forming  couplings,  great  care  should  be  taken  to  make 
them  $t,  so  that  the  coupled  shaft  may  move  as  though  of 
the  same  piece  with  the  driving  shaft :  nor  can  simplicity  be 
too  strongly  recommended,  that  the  coupled  shaft  may,  in 
case  of  an  accident,  be  instantaneously  disengaged,  for  the 
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I088  of  time  arising  from  any  accident  is  of  serious  im- 
portance to  the  manufacturer.  Couplings  should  be  placed 
near  the  bearings,  as  there  is  there  the  least  swag,  and  the 
shaft  is  of  course  the  weakest  at  the  couplings.  The  same 
observation  is  applicable  to  the  disposing  of  wheels  and 
pullies. 

Pullies  have  been  sometimes  formed  into  two  halves  for 
putting  upon  the  shaft  without  taking  the  shaft  down,  but 
their  adoption  is  by  no  means  general,  as  there  is  some  dif- 
ficulty in  fixing  them  true  whilst  the  shaft  is  in  its  place. 

Straps  to  drive  geering  should  be  avoided  whenever  wheels 
can  be  substituted,  as  they  are  very  liable  tostretch  and  break, 
and  do  not  transmit  regular  motion.  In  fixing  the  wheels 
and  pullies  upon  a  shaft,  which  is  mostly  done  by  driving 
wedges  in  the  bush  of  the  wheel  or  pully,  called  staking  them 
on^  great  pains  should  be  taken  to  have  them  true,  which  can 
only  be  done  by  driving  the  wedges  regularly  on  each  side  to 
the  same  degree  of  tightness.  It  most  generally  happens 
when  one  wedge  is  over-driven,  the  workmen,  rather  than 
take  the  trouble  to  alter  it,  will  let  it  remain ;  but  this  is  of 
more  importance  than  is  generally  imagined,  for  if  a  wheel 
is  not  true,  it  cannot  work  in  the  pitch  line,  all  round,  and 
where  it  is  out  it  will  shake,  or  have,  what  is  called,  hack- 
lash^  which,  happening  always  in  the  same  place,  will  wear 
the  wheels  irregularly.  If  a  pulley  is  not  true,  it  will  com- 
municate irregular  motion  by  its  strap,  and  likewise  cause  an 
irregular  stress  upon  the  shaft  on  which  it  works,  much  to 
the  detriment  of  the  bearing. 

Chains  have  been  beneficially  introduced  as  substitutes 
for  straps  in  driving  heavy  geer. 

Shafts  should  be  circular,  as  they  are  less  likely  to  catch 
any  thing,  and  have  a  much  neater  appearance.  The  same 
may  be  said  of  couplings.  The  wheels  of  the  geering 
should  be  always  enclosed  in  a  casing  of  wood,  called  box- 
ing  qff^  to  prevent  any  thing  falling  in  between  them,  or  ac- 
cidents occurring  to  the  people  who  may  be  working  near 
them.  The  wheels  should  be  furnished  with  brushes  resting 
upon  their  faces,  to  distribute  the  grease  equally,  and  to  keep 
it  between  the  teeth :  and  on  starting  a  new  pair  of  wheels, 
a  little  emery  may  be  put  on  with  the  grease,  to  bring  them 
to  a  smooth  face. 

The  following  general  observations  on  the  construction  of 
Machines,  and  on  the  regulating  of  their  motions,  appear 
to  be  highly  worthy  of  the  Millwright's  attention ;  we 
have,  therefore,  extracted  them  from  Dr  Robison's  article 
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00  MachAnery^  inserted  in  the  Supplement  to  the  EncycUh 
podia  Britannica. 

When  heavy  stampers  are  to  be  raised,  in  order  to  drop 
on  the  matters  to  be  pounded,  the  wipers  by  which  they  are 
lifted  should  be  made  of  such  a  form,  that  the  stamper 
may  be  used  by  a  uniform  pressure,  or  with  a  motion  almost 
perfectly  uniform.  If  this  is  not  attended  to,  and  the  wiper 
18  only  a  pin  sticking  out  from  the  axis,  the  stamper  is 
forced  into  motion  at  once.  This  occasions  violent  jolts 
to  the  machine,  and  great  strains  on  its  moving  parts  and 
their  points  of  support;  whereas,  when  they  are  gradually 
lifted,  the  inequality  of  desultory  motion  is  never  felt  at  tho 
impelled  point  of  the  machine.  We  have  seen  pistons  moved 
by  means  of  a  double  rack  on  the  piston  rod.  A  half  wheel 
takes  hold  of  one  rack,  and  raises  it  to  the  required  height. 
The  moment  the  half  wheel  has  quitted  that  side  of  the 
rack,  it  lays  hold  of  the  other  side,  and  forces  the  piston 
down  again.  This  is  proposed  as  a  great  improvement; 
connecting  the  unequable  motion  of  the  piston  moved  in 
the  common  way  by  a  crank.  But  it  is  far  inferior  to  the 
crank  motion.  It  occasions  such  abrupt  changes  of  motion, 
that  the  machine  is  shaken  by  jolts.  Indeed,  if  the  move- 
ment were  actually  executed,  the  machine  would  be  shaken 
to  pieces,  if  the  parts  did  not  give  way  by  bending  and 
yielding.  Accordingly,  we  have  always  observed  that  this 
motion  soon  failed,  and  was  changed  for  one  that  was  more 
smooth.  A  judicious  engineer  will  avoid  all  such  sudden 
changes  of  motion,  especially  in  any  ponderous  part  of  a 
machine. 

When  several  stampers,  pistons,  or  other  reciprocal  movers, 
are  to  be  raised  and  depressed,  common  sense  teaches  us  to 
distribute  their  times  of  action  in  a  uniform  manner,  so  that 
the  machine  may  always  be  equally  loaded  with  work. 
When  this  is  done,  and  the  observations  in  the  preceding 
paragraph  attended  to,  the  machine  may  be  made  to  move 
almost  as  smoothly  as  if  there  were  no  reciprocations  in  it. 
Nothing  shows  the  ingenuity  more  than  the  artful  yet  sim- 
ple and  effectual  contrivances  for  obviating  those  difficulties 
that  unavoidably  arise  from  the  very  nature  of  the  work 
that  must  be  performed  by  the  machine,  and  of  the  power 
employed. 

There  is  also  great  room  for  ingenuity  and  good  choice 
in  the  management  of  the  moving  power,  when  it  is  such  as 
cannot  immediately  produce  the  kind  of  motion  required  for 
effectiog  the  purpose.     We  mentioned  the  conversion  of  the 
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continued  rotation  of  an  axis  into  the  reciprocating  motion 
of  a  piston,  and  the  improvement  which  was  thought  to  have 
been  made  on  the  common  and  obvious  contrivance  of  a 
crank,  by  substituting  a  double  rack  on  the  piston-rod,  and 
the  inconvenience  arising  from  the  jolts  occasioned  by  this 
change.  We  have  seen  a  great  forge,  where  tne  engineer, 
in  order  to  avoid  the  same  inconvenience  arising  from  the 
abrupt  motion  given  to  the  great  sledge  hammer  of  seven 
hundred  weight,  resisting  with  a  five  fold  momentum,  formed 
the  wipers  into  spirals,  which  communicated  motion  to  the 
hammer  almost  without  any  jolt  whatever;  but  the  result 
was,  that  the  hammer  rose  no  higher  than  it  had  been  raised 
in  contact  with  the  wiper,  and  then  fell  on  the  iron  bloom 
with  very  little  effect.  The  cause  of  its  inefficacy  was  not 
guessed  at ;  but  it  was  removed,  and  wipers  of  the  common 
form  were  put  in  place  of  the  spirals.  In  this  operation,  the 
rapid  motion  of  the  hammer  is  absolutely  necessary.  It  is 
not  enough  to  lift  it  up ;  it  must  be  tossed  up,  so  as  to  fly 
higher  than  the  wiper  lifts  it,  and  to  strike  with  great  force 
the  strong  oaken  spring  which  is  placed  in  its  way.  It  com- 
presses this  spring,  and  is  reflected  by  it  with  a  considerable 
velocity,  so  as  to  hit  the  iron  as  if  it  had  fallen  from  a  great 
height.  Had  it  been  allowed  to  fly  to  that  height,  it  would 
have  fallen  upon  the  iron  with  somewhat  more  force,  (be- 
cause no  oaken  spring  is  perfectly  elastic,)  but  this  would 
have  required  more  than  twice  the  time. 

In  employing  a  power  which  of  necessity  reciprocates,  to 
drive  machinery  which  requires  a  continuous  motion,  (as  in 
applying  the  steam-engine  to  a  cotton  or  grist  mill,)  there 
also  occur  great  difliculties.  The  necessity  of  reciprocation 
in  the  first  mover  wastes  much  power ;  because  the  instru- 
ment which  communicates  such  an  enormous  force  must  be 
extremely  strong,  and  be  well  supported.  The  impelling 
power  is  wasted  in  imparting,  and  afterwards  destroying,  a 
vast  quantity  of  motion  in  the  working  beam.  The  skilful 
engineer  will  attend  to  this,  and  do  his  utmost  to  procure  the 
necessary  strength  of  this  first  mover,  without  making  it  a 
vast  load  of  inert  matter.  He  will  also  remark,  that  all  the 
strains  on  it,  and  on  its  supports,  are  changing  their  drrec- 
tions  in  every  stroke.  This  requires  particular  attention  to 
the  manner  of  supporting  it.  If  we  observe  the  steam-en- 
gines which  have  been  long  erected,  we  see  that  they  have 
uniformly  shaken  the  building  to  pieces.  This  has  been 
owing  to  the  ignorance  or  inattention  of  the  engineer  in  this 
particular.    They  are  much  more  judiciously  erected  now, 
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experience  having  taught  the  most  ignoraot  that  no  building 
can  withstand  their  desultory  and  opposite  jolts,  and  that  the 
great  movements  must  be  supported  by  a  frame-work,  inde- 
pendent of  the  building  of  masonry  which  contains  it.* 

The  engineer  will  also  remark,  that  when  a  single-stroke 
•team-engine  is  made  to  turn  a  mill,  all  the  communications 
of  motion  change  the  direction  of  their  pressure  twice  every 
■Iroke.  During  the  working  stroke  of  the  beam,  one  side  of 
the  teeth  of  the  intervening  wheels  is  pressing  the  machinery 
forward ;  but  during  the  returning  stroke,  the  machinery, 
already  in  motion,  is  dragging  the  beam,  and  the  wheels  are 
acting  with  the  other  side  of  the  teeth.  This  occasions  a 
rattling  at  every  change,  and  makes  it  proper  to  fashion  both 
sides  of  the  teeth  with  the  same  care. 

It  will  frequently  conduce  to  the  good  performance  of  an 
eogioe,  to  make  the  action  of  the  resisting  work  unequable, 
acconimodated  to  the  inequalities  of  the  impelling  power. 
This  will  produce  a  more  uniform  motion  in  machines  in 
which  the  momentum  of  inertia  is  inconsiderable.  There 
are  some  beautiful  specimens  of  this  kind  of  adjustment  in 
the  mechanism  of  animal  bodies. 

It  is  very  customary  to  add  what  is  called  a  fly  to  ma- 
chines. This  is  a  heavy  disk  or  hoop,  or  other  mass  of 
matter  baloficed  on  its  oxm,  and  so  connected  with  the 
machinery  as  to  turn  briskly  round  with  it.  This  may  be 
done  with  the  view  of  rendering  the  motion  of  the  whole 
more  regular,  notwithstanding  unavoidable  inequalities  of  the 
accelerating  forces,  or  of  the  resistances  occasioned  by  the 
work.  It  becomes  a  regulator.  Suppose  the  resistance  ex- 
tremely unequal,  and  the  impelling  power  perfectly  constant : 
as  when  a  bucket-wheel  is  employed  to  one  pump.  When 
the  piston  has  ended  its  working  stroke,  and  while  it  is  going 
down  the  barrel,  the  power  of  the  wheel  being  scarcely  op- 
posed, it  accelerates  the  whole  machine,  and  the  piston 
arrives  at  the  bottom  of  the  barrel  with  a  considerable  velo- 
city. But  in  the  rising  again,  the  wheel  is  opposed  by  the 
column  of  water  now  pressing  on  the  piston.  This  imme- 
diately retards  the  wheel ;  and  when  the  piston  has  reached 

•  The  gudgeons  of  a  water-wheel  should  never  rest  on  the  waU  of  the 
buildmg.  It  shakes  it ;  and  if  set  up  soon  after  the  buUding  has  been 
erected,  it  prevents  the  mortar  from  taking  firm  bond  i  ]}erhaps  by  shatter- 
ing the  calcareous  crystals  as  they  form.  When  the  engineer  is  oblig^  to 
rest  the  gudgeons  in  this  way,  they  should  be  supported  by  a  block  of  oak 
laid  a  lltUe  hollow.  This  softens  aU  tremors,  like  springs  of  a  wheel  car- 
riage. This  practice  would  be  very  serviceable  in  many  other  parts  of  the 
constmction. 
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the  top  of  the  barrel,  all  the  acceleration  is  undoDe,  and  is 
to  begin  again.  The  motion  of  such  a  machine  is  very 
hobbling  :  but  the  superplus  of  accelerating  force  at  the  be- 
ginning of  a  returning  stroke  will  not  make  such  a  change 
in  the  motion  of  the  machine  if  we  connect  the  fly  with  it. 
For  the  accelerating  momentum  is  a  determinate  quantity. 
Therefore,  if  the  radius  of  the  fly  be  great,  this  momentum 
will  be  attained  by  communicating  a  small  angular  motion 
to  the  machine. 

The  momentum  of  the  fly  is  as  the  square  of  its  radius ; 
therefore  it  resists  acceleration  in  this  proportion;  and 
although  the  overplus  of  power  generates  the  same  momen- 
tum of  rotation  in  the  whole  machine  as  before,  it  makes  but 
a  small  addition  to  its  velocity.  If  the  diameter  of  the  fly 
be  doubled,  the  augmentation  of  rotation  will  be  reduced  to 
one-fourth.  Thus,  by  giving  rapid  motion  to  a  small  quan- 
tity of  matter,  the  great  acceleration  during  the  returning 
stroke  of  the  piston  is  prevented.  This  acceleration  con- 
tinues, however,  during  the  whole  of  the  returning  stroke,  and 
at  the  end  of  the  machine  has  acquired  its  greatest  veto- 
city.  Now  the  working  stroke  begins,  and  the  overplus  of 
power  is  at  an  end.  The  machine  accelerates  no  more ;  but 
if  the  power  is  just  in  equilibrio  with  the  resistance,  it  keeps 
the  velocity  which  it  has  acquired,  and  is  still  more  accele- 
rated during  the  next  returning  stroke.  But  now,  at  the  be- 
ginning of  the  subsequent  working  stroke,  there  is  an  over- 
plus of  resistance,  and  a  retardation  begins,  and  continues 
during  the  whole  rise  of  the  piston  ;  but  it  is  inconsiderable 
in  comparison  of  what  it  would  have  been  without  the  fly; 
for  the  fly,  retaining  its  acquired  momentum,  drags  forward 
the  rest  of  the  machine,  aiding  the  impelling  power  of  the 
wheel.  It  does  this  by  all  the  communications  taking  into 
each  other  in  the  opposite  direction.  The  teeth  of  the  inter- 
vening wheels  are  heard  to  drop  from  their  former  contact  on 
one  side,  to  a  contact  on  the  other.  By  considering  this  pro- 
cess with  attention,  we  easily  perceive  that,  in  a  few  strokes, 
the  overplus  of  power  during  the  returning  stroke  comes  to 
be  so  adjusted  to  the  deficiency  during  the  working  stroke, 
that  the  accelerations  and  retardations  exactly  destroy  each 
other,  and  every  succeeding  stroke  is  made  with  the  same 
velocity,  and  an  equal  number  of  strokes  is  made  in  every 
succeeding  minute.  Thus  the  machine  acquires  a  general 
uniformity  with  periodical  inequalities.  It  is  plain,  that  by 
suflSciently  enlarging  either  the  diameter  or  the  weight  of  the 
fly,  the  irregularity  of  the  motion  may  be  rendered  as  small  as 
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we  please.  It  is  mach  better  to  enlarge  the  diameter.  ^This 
preserves  the  friction  more  moderate,  and  the  pivot  wears 
less.  For  these  reasons  a  fly  is  in  general  a  considerable 
improveoient  in  machinery,  by  equalizing  many  exertions 
that  are  naturally  very  irregular.  Thus,  a  man  working  at  a 
cnininon  wiodlass  exerts  a  very  irregular  pressure  on  the 
winch.  In  one  of  his  positions,  in  each  turn  he  can  exert  a 
force  of  near  70  lbs.  without  fatigue,  but  in  another  he  can* 
not  exert  above  25  lbs;  nor  must  he  be  loaded  with  much 
above  this  in  general.  But  if  a  large  fly  be  connected  pro* 
perly  with  the  windlass,  he  will  act  with  equal  ease  and  speed 
against  30  lbs. 

This  regulating  power  of  the  fly  is  without  bounds,  and 
mey  be  used  to  render  uniform  a  motion  produced  by  the 
most  desultory  and  irregular  power.  It  is  thus  that  the  most 
regular  motion  is  given  to  mills  that  are  driven  by  a  single 
stroke  steam-engine,  where,  for  two,  or  even  three  seconds, 
there  is  no  force  pressing  round  the  mill.  The  communica- 
tion is  made  through  a  massive  fly  of  very  great  diameter, 
whirling  with  great  rapidity.  As  soon  as  the  impulse  ceases, 
the  fly,  cootinuing  its  motion,  urges  round  the  whole  machi- 
nery with  almost  unabated  speed.  At  this  instant  all  the 
teeth,  and  alt  the  joints,  between  the  fly  and  the  first  mover, 
are  heard  to  catch  in  the  opposite  direction. 

If  any  permanent  change  should  happen  in  the  impelling 
power,  or  in  the  resistance,  the  fly  makes  no  obstacle  to  its 
producing  its  full  efiect  on  the  machine;  and  it  will  be  ob- 
served to  accelerate  or  retard  uniformly,  till  a  new  general 
speed  is  acquired  exactly  corresponding  with  this  new  power 
aiM)  resistance. 

Many  machines  include,  in  their  construction,  movements 
which  are  equivalent  with  this  intentional  regulator.  A  flour 
mill,  for  example,  cannot  be  better  regulated  than  by  its  mill* 
stone;  but  in  the  Albion  Mills,  a  heavy  fly  was  added  with 
great  propriety;  for  if  the  mills  had  been  regulated  by  their 
mill-stones  only,  then,  at  every  change  of  stroke  in  the  steam* 
engine,  the  whole  train  of  communications  between  the 
beam,  which  is  the  first  mover,  and  the  regulating  mill-stone, 
which  is  the  very  last  mover,  would  take  in  the  opposite  di- 
rection. Although  each  drop  in  the  teeth  and  joints  be  but 
a  trifle,  the  whole,  added  together,  would  make  a  conside- 
rable jolt.  This  is  avoided  by  a  regulator  immediately  ad- 
joining the  beam.  This  continually  presses  the  working 
machioery  in  one  direction.  So  judiciously  were  the  move- 
ments of  that  noble  machine  contrived,  and  so  nicely  were 
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they  executed,  that  not  the  least  noise  was  heard,  nor  the 
slightest  tremor  felt  in  the  building. 

Mr.  Valour's  beautiful  pile  engine,  employed  at  Westmin- 
ster bridge,  is  another  remarkable  instance  of  the  regulating 
power  of  a  fly.  When  the  ram  is  dropped,  and  its  follower 
disengaged  immediately  after  it,  the  horses  would  instantly 
tumble  down,  because  the  load,  against  which  they  had  been 
straining  hard,  is  at  once  taken  off;  but  the  gin  is  connected 
with  a  very  large  fly,  which  checks  any  remarkable  accelera- 
tion,  allowing  the  horses  to  lean  on  it  during  the  descent  of 
the  load;  after  which  their  draught  recommences  immediately. 
The  spindles,  cards,  and  bobbins,  of  a  cotton-mill,  are  also  a 
sort  of  flies.  Indeed,  all  bulky  machines  of  the  rotative  kind 
tend  to  preserve  their  motion  with  some  degree  of  steadiness, 
and  their  great  momentum  of  inertia  is  as  useful  in  this  respect 
as  it  is  prejudicial  to  the  acceleration  or  any  reciprocation 
when  wanted.  There  is  another  kind  of  regulating  fly,  con* 
sisting  of  wings  whirled  briskly  round,  till  the  resistance  of 
the  air  prevents  any  great  acceleration.  This  is  a  very  bad 
one  for  a  working  machine,  for  it  produces  its  effect  by  really 
wasting  a  part  of  the  moving  powers.  Frequently  it  em- 
ploys a  very  great  and  unknown  part  of  it,  and  robs  the  pro- 
prietor of  much  work.  It  should  never  be  introduced  into 
any  machine  employed  in  manufactures. 

Some  rare  cases  occur  where  a  very  different  regulator  is 
required :  where  a  certain  determined  velocity  is  found  ne- 
cessary. In  this  case  the  machine  is  furnished,  at  its  ex- 
treme mover,  with  a  conical  pendulum,  consisting  of  two 
heavy  balls  hanging  by  rods,  which  move  in  very  nice  and 
steady  joints  at  the  top  of  a  vertical  axis.  It  is  well  known, 
that  when  this  axis  turns  rounds  with  an  angular  velocity 
suited  to  the  length  of  those  pendulums,  the  time  of  a  revo- 
lution is  determined.  Thus,  if  the  length  of  each  penduliun 
be  39|  inches,  the  axis  will  make  a  revolution  in  two  seconds 
very  nearly.  If  we  attempt  to  force  it  more  swiftly  round,  the 
balls  will  recede  a  little  from  the  axis,  but  it  employs  as  long 
time  for  a  revolution  as  before;  and  we  cannot  make  it  turn 
swifter,  unless  the  impelling  power  be  increased  beyond  all 
probability ;  in  which  case  the  pendulum  will  fly  out  from  the 
centre  till  the  rods  are  horizontal,  after  which  every  increase 
of  power  will  accelerate  the  machine  very  sensibly.  Watt 
and  Boulton  have  applied  this  contrivance  with  great  inge- 
nuity to  their  steam-engines,  when  they  are  employed  for 
driving  machinery  for  manufactures  which  have  averycbange- 
dble  resistancOi  and  where  a  certain  speed  cannot  be  much 
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departed  from  without  great  inconvenience.  They  have  con- 
nected this  recess  of  the  balls  from  the  axis,  (which  gives  im- 
mediate indication  of  an  increase  of  power  or  a  diminution 
of  resistance,)  with  the  cock  which  admits  the  steam  to  the 
working  cylinder.  The  balls  flying  out,  causes  the  cock  to 
close  a  little,  and  diminish  the  supply  of  steam.  The  impel- 
ling power  diminishes  the  next  moment,  and  the  balls  again 
approach  the  axis,  and  the  rotation  goes  on  as  before,  although 
there  may  have  occurred  a  very  great  excess  or  deficiency  of 
power. 

A  fly  is  sometimes  employed  for  a  very  difierent  purpose 
from  that  of  a  regulator  of  motion — it  is  employed  as  a  col" 
lector  of  power.  Suppose  all  resistance  removed  from  the 
working  point  of  a  machine  furnished  with  a  very  large  or 
heavy  fly  immediately  connected  with  the  working  point. 
When  a  small  force  is  applied  to  the  impelled  point  of  this 
machine,  motion  will  begin  in  the  machine  and  the  fly  begin 
to  tarn.  Continue  to  press,  uniformly,  and  the  machine  will 
accelerate.  This  may  be  continued  till  the  fly  has  acquired  a 
very  rapid  motion.  If  at  this  moment  a  resisting  body  be 
applied  to  the  working  point,  it  will  be  acted  on  with  very 
great  force  ;  for  the  fly  has  now  accumulated  in  its  circum- 
ference a  very  great  momentum.  If  a  body  were  exposed 
immediately  to  the  action  of  this  circumference,  it  would  be 
violently  struck.  Much  more  will  it  be  so,  if  the  body  be 
exposed  to  the  action  of  the  working  point,  which,  perhaps, 
makes  one  turn  while  the  fly  makes  a  hundred.  It  will  exert 
a  hundred  times  more  force  there,  (very  nearly,)  than  at  its 
own  circumference.  All  the  motion  which  has  been  accu- 
mulated on  the  fly  during  the  whole  progress  of  its  accumu- 
lation, is  exerted  in  an  instant  at  the  working  point,  multi- 
plied by  the  momentum  depending  on  the  proportion  of  the 
parts  of  the  machine.  It  is  thus  that  the  coining  press  per- 
forms its  oflice ;  nay,  it  is  thus  that  the  blacksmith  forges  a 
bar  of  iron.  Swinging  the  great  sledge  hammer  round  his 
bead,  and  urging  it  with  force  the  whole  way,  this  accumulat- 
ed motion  is  at  once  extinguished  by  impact  on  the  iron.  It 
is  thus  also  we  drive  a  nail,  &c.  This  accunfiulating  power 
of  a  fly  has  occasioned  many  to  imagine  that  a  fly  really  adds 
power  or  mechanical  force  to  an  engine ;  and,  not  under- 
itanding  on  what  its  efiicacy  depends,  they  often  place  the 
fly  in  a  situation  where  it  only  adds  a  useless  burden  to  the 
machine.  It  should  always  be  made  to  move  with  rapidity. 
If  intended  for  a  mere  regulator,  it  should  be  near  the  first 
mover ;  and  if  it  be  intended  to  accumulate  force  in  the 
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working  point,  it  should  not  be  far  separated  from  it.  In  a 
certain  sense,  a  fly  may  be  said  to  add  power  to  a  machine, 
because  by  accumulating  into  the  exertion  of  one  moment  the 
exertions  of  many,  we  can  sometimes  overcome  an  obstacle 
that  we  never  could  have  balanced  by  the  same  machine,  un- 
aided by  the  fly.  And  it  is  this  accumulation  of  force  which 
gives  such  an  appearance  of  power  to  some  of  our  first  movers. 


ANIMAL  STRENGTH. 

Animal  strength  has  been. very  differently  estimated  by 
different  authors;  but  this  is  not  to  be  wondered  at  when  we 
consider  the  many  difficulties  that  ever  must  attend  any  at- 
tempt to  subject  it  to  an  estimate.  Physical  causes  must  sen- 
sibly affect  the  extent  and  duration  of  animal  exertion,  either 
in  man  or  beast;  and  the  only  way  of  coming  to  any  thing 
like  an  accurate  result,  is  to  compare  the  experiments  of  the 
different  philosophers  who  have  attended  to  the  subject. 
This  has  been  already  done  by  Dr  Young,  in  the  second 
volume  of  his  Philosophy^  whose  valuable  tables  we  here 
present  to  our  readers. 

Comparative  table' of  mechanical  forces. 
In  order  to  compare  the  different  estimates  of  the  force  of 
moving  powers,  it  will  be  convenient  to  take  a  unit  which  may 
be  considered  as  the  mean  effect  of  the  labour  of  an  active  man, 
working  to  the  greatest  possible  advantage,  and  without  impe- 
diment. This  will  be  found  on  a  moderate  estimation  sufficient 
to  raise  10  pounds,  10  feet  in  a  second,  for  ten  hours  in  a  day ; 
or  to  raise  a  100  pounds,  which  is  the  weight  of  twelve  wine 
gallons  of  water,  one  foot  in  a  second,  or  36,000  feet  in  a  day; 
or  3,600,000  pounds,  or  432,000  gallons,  one  foot  in  a  day. 
This  we  may  call  a  force  of  one  continued  36,000". 

Immediate  force  of  men^  without  deduction  for  friction. 

A  man,  weig^hing  133  pounds,  Fr.  ascended  62  feet, 
Fr.  by  steps,  in  34"^  but  was  completely  exhausted. 
— Amontons 

A  sawyer  made  200  strokes  of  18  inches  Fr.  each, 
in  145",  with  a  force  of  25  pounds,  Fr.  He  could  not 
have  gt>ne  on  above  three  minutes. — Amontons 

A  man  can  raise  60  pounds,  Fr.  one  foot,  Fr.  in  1", 
for  eight  hours  a  day. — Bemouilli 

A  man  of  ordinary  strength  can  turn  a  winch  with 
a  force  of  30  pounds,  and  with  a  velocity  of  3i  feet 
in  1",  for  10  hours  a  day.— Desaguliers 
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Two  men  vorkbig  at  a  windlass  with  handles  at 
rig^t  angles,  can  raise  70  pounds  more  easily  than 
one  can  raise  30. — Desaguliers      .... 

A  man  can  exert  a  force  of  40  pounds  for  a  whole 
day,  with  the  assistance  of  a  fly,  when  the  motion  b 
pretty  qiuck,  at  about  four  or  five  feet  in  1". — Desa- 
guliers Lcct.  iy.  Uut  from  the  annotation  it  appears 
to  be  doubtful  whether  the  force  is  40  pounds  or  20 

For  a  short  time  a  man  may  exert  a  force  of  80 
pounds  with  a  fly,  **  when  the  motion  is  pretty  quick." 
— ^Desaguliers 

A  man  going  up  stairs  ascends  14  metres  in  1'. — 
Coulomb       .        .        .        .        • 

A  man  going  up  stairs  for  a  day  rsuses  205  chilio- 
grammes  to  the  height  of  a  chiliometre. — Coulomb 

With  a  spade  a  man  does  nineteen- twentieths  as 
much  as  in  ascending  stairs. — Coulomb 

With  ^winch  a  man  does  five-eighths  as  much  as 
in  ascenmng  stairs.-^oulonri)      .        ".        .         . 

A  man  carrying  wood  up  stairs  raises,  together 
with  his  own  Wei^t,  109  chiliogrammes  to  one  chili- 
ometre.— Cotilomb 

A  man  weighing  150  pounds,  Fr.  can  ascend  by 
stairs  three  feet,  Fr.  in  r'  for  \5f'  or  20".--Coulomb 

For  half  an  hour,  100  pounds,  Fr.  may  be  raised  one 
foot,  Fr.  in  V, — Coulomb 

According  to  Mr.  Buchanan's  comparison,  the  force 
exerted  in  turning  a  winch  being  made  equal  to  the 
unit,  the  force  in  pumping  will  be        . 

In  ringing 

In  rowing 

Allowing  the  accuracy  of  Euler's  formula,  con- 
firmed by  Schulze,  supposing  a  man's  action  to  be 
a  maximum  when  he  walks  2^  miles  an  hour,  we  have 
7ifor  his  greatest  velocity,  ,04(7i*— »)»  fi>f  the  force 
exerted  with  any  other  velocity,  and  OieOC^i — o)» 
for  the  action  in  each  case ;  thus,  when  the  velocity 
is  one  mile  an  hour,  the  action  is  * 

When  two  miles 

When  three 

When  four 

And  when  ^ye  ....... 
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And  the  force  in  a  state  of  rest  becomes  2|,  or  about  70 
pounds;  with  a  velocity  of  two  miles,  36  pounds ;  with  three, 
24  pounds;  and  with  four,  15. 

It  is  obvious  that  in  the  extreme  eases  thi^  formula  is  in- 
accurate, but  for  moderate  velocities  it  is  probably  a  tolera^ 
ble  approximation. 

Coulomb  makes  the  maximum  of  effect  when  a  man,  weigh- 
ing 70  chiliogrammes,  carries  a  weight  of  53  up  stairs,  but 
this  appears  to  be  too  great  a  load;  ne  considers  145  chilio-^ 
grammes  as  the  greatest  weight  that  can  be  raised.  He  ol^- 
•wies  that  in  Martinique,  where  the  thermometer  is  seldom 
below  68*y  the  li^ur  of  Europeans  is  reduced  to  one-halC^ 
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Harriot  asserts  that  his  pump,  with  a  horizontal  motion^ 
enables  a  man  to  do  one-third  more  work  than  the  common 
pump  with  a  vertical  motion. 

Porters  carry  from  200  to  300  pounds  at  the  rate  of  three 
miles  an  hour;  chairmen  walk  four  miles  an  hour  with  a  load 
of  150  pounds  each;  and  it  is  said  that  in  Turkey  there  are 
porters  who,  by  stooping  forward,  carry  from  700  to  900 
pounds  placed  very  low  on  their  backs. 

The  most  advantageous  weight  for  a  man  of  common 
strength  to  carry  horizontally,  is  III  pounds;  or  if  he  re- 
turns unladen,  135.  With  wheel-barrows,  men  will  do  half 
as  much  more  work  as  with  hods. — Coulomb. 

Performance  of  men  by  machines. 


A  man  ndsed  by  a  rope  and  puUey  25  pounds,  Fr. 
220  feet,  Fr.  in  145^'.— Amontons 

A  man  can  nuse,  by  a  g^od  common  pump,  a  hogs- 
head of  water  10  feet  hig^  in  a  minute,  for  a  whole 
day. — ^Desaguliers 

By  the  mercurial  pump,  or  any  other  ^food  pump, 
a  man  may  raise  a  boghead  18  or  20  feet  in  a  minute, 
for  one  or  two  minutes  .        .       '. 

In  a  pile  engine,  55^  pounds,  Fr.  were  raised  one 
foot,  Fr.  in  1"  for  five  hours  a  day,  by  a  rope  drawn 
horizontally. — Coulomb 

Robison  says,  that  a  feeble  old  man  raised  seven  cu- 
bic feet  of  water.  Hi  feet  in  T,  for  eight  or  ten 
hours  a  day,  by  walking  backwards  and  forwards  on 
a  lever. — Enc  Br 

A  young  man  weighing  135  pounds,  and  carrying 
30,  raised  9i  cubic  feet,  llj  feet  high,  for  ten  hours  a 
day,  without  fatigue. — Robison     . 

Wynner's  machine  enables  a  man  to  raise  a  hog^ 
head  20  feet  in  a  minute — ^Y 

Force  of  horses. 

Two  horses,  attached  to  a  plough  on  moderate 
ffround,  exerted  each  a  force  of  150,  Fr. — Amontons. 
We  may  suppose  that  they  went  a  little  more  than 
two  miles  an  hour,  for  eight  hours 

A  horse  draws  with  the  greatest  advantage  when 
the  Hne  of  direction  is  level  with  his  breast ;  and  he 
can  draw  with  a  force  of  200  pounds,  2}  miles  an 
hour,  for  eight  hours  in  the  day    .... 

With  a  force  of  240  only  six  hours.  On  a  carriage, 
indeed,  where  friction  alone  is  to  be  overcome,  a  mid- 
dling horse  will  draw  1000  pounds.— Desaguliers 

The  mean  draught  of  four  horses  was  36  m3rrio. 
grammes  each,  or  794  pounds. — Regpiier.  This  must 
have  been  momentary.  Supposing  the  velocity  two 
feet  in  a  second,  the  action  would  have  been 

By  means  of  pumps  a  horse  can  raise  250  hogsheads 
M*  water,  10  feet  high,  in  an  hour  — Smeaton's  Reports 
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A  bone  can  in  general  draw  no  more  up  a  steep  hill  than 
three  men  can  carry ;  that  is  from  450  to  750  pounds ;  but 
a  strong  horse  can  draw  2000  pounds  up  a  steep  hill,  which  is 
but  short.  The  worst  way  of  apply  ing  the  force  of  a  horse,  is 
to  make  him  carry  or  draw  up  hill ;  for  if  the  hill  be  steep, 
three  men  will  do  more  than  a  horse,  each  man  climbing  up 
faster  with  a  burden  of  100  poundsjweight,  than  a  horse  that 
is  loaded  with  300  pounds:  a  difference  which  is  owing  to 
the  position  of  the  parts  of  the  human  body  being  better 
adapted  to  climb  than  those  of  a  horse. 

On  the  other  hand,  the  best  way  of  applying  the  force  of  a 
horse,  is  an  horizontal  direction,  wherein  a  man  can  exert  least 
force ;  thus  a  man,  weighing  140  pounds,  and  drawing  a  boat 
along,  by  means  of  a  rope  coming  over  his  shoulders,  cannot 
draw  above  27  pounds,  or  exert  above  one-seventh  part  of 
the  force  of  a  horse  employed  to  the  same  purpose. 

The  very  best  and  most  effectual  posture  in  a  man  is  that 
of  rowing  ;  wherein  he  not  only  acts  with  more  muscles  at 
once  for  overcoming  the  resistance  than  in  any  other  posi- 
tion ;  but  as  be  pulls  backwards,  the  weight  of  his  body  as* 
sists  by  way  of  lever. — Desaguliers. 

The  diameter  of  a  walk  for  a  horse-mill  ought  to  be  at  least 
25  or  30  Heet. — Desaguliers. 

Some  horses  have  carried  650  or  700  pounds,  seven  or 
eight  miles,  without  resting,  as  their  ordinary  work ;  and  a 
horse  at  Stourbridge  carried  eleven  hundred  weight  of  iron, 
or  1232  pounds,  for  eight  miles. — Desaguliers,  Experimental 
PhUoeophyy  vol.  i. 

Work  of  mules. 

Force.    Conti-    Dfty'i 
nuance,  work. 
Cazanel  iays,  that  a  mule  works  in  the  West  Indies  two 
hourt  out  of  about  18,  with  a  force  of  about  150  pounds, 
walking  three  feet  in  a  second.— Dr  Young's  Phuoaophy.  4,5     2*>  40'    1,2 

These  examples  exhibit  the  great  advantages  which  may 
be  gained  by  diirectiog  the  exertion  of  animals  in  a  proper 
course,  their  effects  being  plainly  reducible  to  the  operations 
of  mechanical  powers.  To  describe  the  various  modes  of 
applying  animal  strength,  as  a  first  mover  of  mechanical  en- 
gines, would  greatly  exceed  our  limits ;  we  shall  therefore 
merely  state,  that  the  most  common  machine  for  receiving 
the  force  of  animals  is  the  horse-walk,  which  affords  the  means 
of  applying  the  action  of  that  animal  to  create  rotative  motion. 
The  horse  walk  is  formed  of  an  horizontal  lever  or  arm, 
attached  to  an  upright  spindle.    The  lever  should  not  be  less 
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than  tivdre  feet,  as  the  labour  of  the  animal  is  greatly  in- 
creased by  a  small  carve,  which  causes  ao  unequal  resistance 
upon  his  two  shoulders.  The  machine  should  be  so  regulated 
that  the  horse  may  not  be  required  to  deviate  from  his  usual 
pace  of  two  mil^  and  a  half,  with  a  burden,  an  hour.  The 
gives,  in  which  the  horse  works,  should  not  be  immovably 
£zed  to  the  arms,  but  hung  by  a  swivel  joint,  so  that  he 
may  place  himself  in  the  most  comfortable  position.  The 
work  should  be  supplied  to  the  machinery  as  regularly  as 


Having,  in  the  preceding  account,  stated  the  mean  results 
of  human  exertion  when  applied  tm  regular  and  itnif<^m 
labour,  we  shall  in  the  next  place  proceed  to  notice  some 
extraordinary  feats  of  strength,  as  well  as  some  that  had  the 
appearance  of  being  such,  but  which  were,  in  reality,  the 
mere  effects  of  contrivance  and  skill,  and  which  might  have 
been  performed  by  almost  any  men  who  were  possessed  of 
that  knowledge  of  their  construction  as  would  enable  thena 
similarly  to  exert  their  strength  to  the  best  advantage. 

M.  de  la  Hire,  in  an  ExamkuUion  <f  the  Force  cf  Men^ 
(vide  Memoirs  of  the  Academy  of  Sciences  for  1699,)  says, 
*^  There  are  men  whose  spirits  flow  so  abundantly  into  their 
muscles,  that  they  exert  three  or  four  times  more  strength 
than  others  do ;  and  this  seems  to  be  the  natural  reason  of 
the  surprising  strength  that  we  see  in  some  men  who  carry 
and  raise  weights  which  two  or  three  ordinary  men  can 
hardly  sustain,  though  these  men  be  sometimes  but  of  a 
moderate  stature,  and  rather  appear  weak  than  strong. 
There  was  a  man  in  this  country  a  little  while  ago,  who 
would  carry  a  very  large  anvil,  and  of  whom  was  reported 
several  wonderful  feats  of  strength.  But  I  saw  another  at 
Venice,  who  was  but  a  lad,  and  did  not  seem  able  to  carry 
above  forty  or  fifty  pounds,  with  all  possible  advantages;  yet 
this  young  fellow,  standing  upon  a  table,  raised  from  the 
earth,  and  sustained  off  the  ground,  an  ass,  by  means  of  a 
broad  girth,  which,  going  under  the  creature's  belly,  was  hung 
upon  two  hooks  that  were  fastened  to  a  plat  of  small  cords 
coming  down  in  tresses  from  the  hair  on  each  side  of  the 
lad's  head,  which  were  in  no  great  quantity.  And  all  this 
great  force  depended  only  upon  the  muscles  of  the  shoulders 
and  those  of  the  loins:  for  he  stooped  at  first  whilst  the  hooks 
were  fastened  to  the  girth,  and  then  raised  himself,  and 
lifted  up  the  ass  from  the  ground,  bearing  with  his  hands 
upon  his  knees.  He  raised  also  in  the  same  manner  other 
weights  that  seemed  heavier,  and  used  to  say  he  did  with 
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more  ease,  because  the  ass  kicked  and  struggled  when  first 
lifted  from  the  ground." 

Dr.  Desaguliers,  in  some  annotations  upon  De  la  Hire's 
paper,  says,  ^'  What  he  attributes  here  to  the  mi^cles  of  the 
loins  J  were  really  performed  by  the  extensors  of  the  legs;  for 
the  young  man's  stooping  with  his  hands  upon  his  knees  was 
not  with  his  body  forwards  and  his  knees  ^ifT,  but  his  body 
upright  and  his  knees  bent,  so  as  to  bring  the  two  cords  with 
which  he  lifted  to  be  in  the  same  plane  with  his  ancles  and 
the  heads  of  his  thigh-bones;  by  which  means  the  line  of 
direction  of  the  man  and  the  whole  weight  came  between  the 
strongest  part  of  his  two  feet,  which  are  the  supports :  then 
as  he  extended  his  legs  he  raised  himself,  without  changing 
the  line  of  direction.  That  this  must  have  been  the  manner 
I  am  pretty  ^vell  assured  of,  by  not  only  observing  those  that 
perform  sucli  feats,  but  having  often  tried  it  myself.  As  for 
the  muscles  of  the  loins,  they  are  incapable  of  that  strain, 
being  above  six  times  weaker  than  the  extensors  of  the  legs; 
at  least  I  found  them  so  in  myself. 

"About  the  year  1716,  having  the  honour  of  showing  a 
great  many  experiments  to  his  late  majesty  King  George  I., 
bis  majesty  was  desirous  to  know  whether  there  were  any 
fallacy  in  those  feats  of  strength  that  had  been  shown  half 
a  year  before  by  a  man,  who  seemed  by  his  make  to  be  no 
stronger  than  other  men :  upon  this  I  had  a  frame  of  wood 
made  to  stand  in,  (and  to  rest  my  hands  upon,)  and  with  a 
girdle  and  chain  lifted  an  iron  cylinder,  made  use  of  to  roll 
the  garden,  sustaining  it  easily  when  once  it  was  up.  Some 
noblemen  and  gentlemen  who  were  present  tried  the  ex- 
periment afterwards,  and  lifted  the  roller ;  some  with  more 
ease,  and  some  with  more  difficulty,  than  I  had  done.  This 
roller  weighed  1,900  pounds,  as  the  gardener  told  us.  After- 
wards I  tried  to  lift  300  pounds  with  my  hands,  (viz.  two 
pails  with  150  pounds  of  quicksilver  in  each,)  which  I  did 
indeed  raise  from  the  ground,  but  strained  my  back  so  as  to 
feel  it  three  or  four  days ;  which  shows  that,  in  the  same'per^ 
son,  the  muscles  of  the  loins,  (which  exerted  their  force  in 
this  last  experiment,)  are  more  than  six  times  weaker  than 
the  extensors  of  the  legs ;  for  I  felt  no  inconveniency  from 
raising  the  iron  roller." 

During  the  time  that  Dr  Desaguliers  was  occupied  in 
printing  the  second  volume  of  his  Philosophy ^  a  man  of  great 
naturctl  strength  exhibited  himself  in  London,  of  whom  the 
doctor  gives  the  folbwing  account. 
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'^Thomas  Popham,  born  in  London,  and  now  about  thirty- 
one  years  of  age,  five  feet  ten  inches  high,  with  muscles  very 
hard  and  prominent,  was  brought  up  a  carpenter,  which  trade 
he  practised  till  within  these  six  or  seven  years  that  he  has 
showed  feats  of  strength  ;  but  he  is  entirely  ignorant  of  any 
art  to  make  his  strength  more  surprising.  Nay,  sometimes 
he  does  things  which  become  more  difficult  by  his  disadvan- 
tageous situation  ;  attempting,  and  often  doing,  what  he 
hears  other  strong  men  have  done,  without  making  use  of 
the  same  advantages. 

"  About  six  years  affo  he  pulled  against  a  horse,  setting  upon 
the  ground  with  his  feet  against  two  stumps  driven  into  the 
ground,  but  without  the  advantages  which  might  have  been 
attained  by  placing  himself  in  a  proper  situation ;  the  horse, 
however,  was  not  able  to  move  him,  and  he  thought  he  was 
in  the  right  posture  for  drawing  against  a  horse ;  but  when, 
in  the  same  posture,  he  attempted  to  draw  against  two  horses, 
he  was  pulled  out  of  his  place  by  being  lifted  up,  and  had 
one  of  his  knees  struck  against  the  stumps,  which  shattered 
it  so,  that,  even  to  this  day,  the  patella,  or  knee-pan,  is  so 
loose,  that  the  ligaments  of  it  seem  either  to  be  broken  or 
quite  relaxed,  which  has  taken  away  most  of  the  strength  of 
that  leg." 

Dr  Desaguliers  then  relates  the  exploits  which  he  saw 
him  perform. 

'M .  By  the  strength  of  his  fingers,  f only  rubbed  in  coal 
ashes  to  prevent  them  from  slipping,)  he  rolled  up  a  very 
strong  and  large  pewter  dish. 

"  3.  He  broke  seven  or  eight  short  and  strong  pieces  of 
tobacco-pipe  with  the  force  of  his  middle  finger,  having  laid 
them  on  the  first  and  third  finger.  > 

**  3.  Having  thrust  in  under  his  garter  the  bowl  of  a  strong 
tobacco-pipe,  his  legs  being  bent,  he  broke  it  to  pieces  by  the 
tendons  of  his  hams,  without  altering  the  bending  of  his  knee. 

*'  4.  He  broke  such  another  bowl  between  his  first  and 
second  finger,  by  pressing  his  fingers  together  sideways. 

"  §.  He  lifted  a  table  six  feet  long,  which  had  half  a  hundred 
weight  hanging  at  the  end  of  it,  with  his  teeth,  and  held  it  in 
an  horizontal  position  for  a  considerable  time.  It  is  true,  the 
feet  of  the  table  rested  against  his  knees ;  but,  as  the  length 
of  the  table  was  much  greater  than  its  height,  that  perform- 
ance required  a  gr^at  strength  to  he  exerted  by  the  muscles 
of  his  loins,  those  of  his  neck,  the  maaaeter  and  tempatioly 
(muscles  of  the  jaws,)  besides  a  gpod  set  of  teeth. 
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"  6.  He  took  an  iron  kitehen  poker,  about  a  yard  long,  and 
three  inches  in  circumference,  and,  holding  it  in  his  right 
hand,  be  struck  upon  his  bare  left  arm,  between  the  elbow 
and  the  wrist,  till  he  bent  the  poker  nearly  taaxight  angle. 

"7.  He  took  such  another  poker,  and  holding  the  ends  of  it 
in  his  hands,  and  the  middle  against  the  back  of  his  neck,  he 
brought  both  ends  of  it  together  before  him ;  and,  what  was 
yet  more  difficult,  he  pulled  it  almost  straight  again  :  because 
the  muscles  which  separate  the  arms  horizontally  from  each 
other  are  not  so  strong  as  those  that  bring  them  together. 

^  8.  He  broke  a  rope  of  about  two  inches  in  circumference, 
which  was  in  part  wound  about  a  cylinder  of  four  inches 
diameter,  haying  fastened  the  other  end  of  it  to  straps  that 
went  over  his  shoulders.  But  he  exerted  more  force  to^  do 
this  than  any  other  of  his  feats,  from  his  awkwardness  in 
going  about  it ;  for  the  rope  yielded  and  stretched  as  he  stood 
upon  the  cylinder,  so  that  when  the  extensors  of  the  legs  and 
thighs  had  done  their  office  in  bringing  his  legs  and  thighs 
straight,  he  was  forced  to  raise  his  heels  from  their  bearings, 
and  use  other  muscles  that  are  weaker.  But  if  the  rope  had 
been  so  fixed  that  the  rope  to  be  broken  had  been  short,  it 
would  have  been  broken  with  four  times  less  difficulty. 

*'9.  I  have  seen  him  lift  a  rolling  stone  of  about  800 
pounds  with  his  hands  only,  Madding  in  a  frame  above  it, 
and  taking  hold  of  a  chain  that  was  fastened  to  it.  By  this, 
I  reckon,  he  may  be  almost  as  strong  again  as  those  who 
are  generally  reckoned  the  strongest  men,  they  generally  lift- 
ing no  more  than  400  pounds  in  that  manner.  The  weakest 
men  who  are  in  health,  and  not  too  fat,  lift  about  125  pounds, 
baring  about  half  the  strength  of  the  strongest. 

"  N.  B.  This  sort  of  comparison  is  chiefly  in  relation  to  the 
muscles  of  the  loins ;  because  in  doing  this,  one  must  stoop 
forwards  a  little.  We  must  also  add  the  weight  of  the  body 
to  the  weight  lifted.  So  that  if  the  weakest  man's  body 
weighs  150  pounds,  that,  added  to  125  pounds,  makes  the 
whole  weight  lifted  by  him  to  be  275  pounds.  Then,  if  the 
•troogest  man's  body  weighs  also  150  pounds,  the  whole 
weight  lifted  by  him  will  be  about  550  pounds,  that  is  400 
pounds  and  the  1 50  pounds  which  his  body  weighs.  Popham 
weights  about  200  pounds,  which,  added  to  the  800  pounds 
that  he  lifts,  makes  1000  pounds.  But  he  ought  to  lift 
900  pounds  besides  the  weight  of  his  body,  to  be  as 
strong  again  as  a  man  of  i  50  pounds  weight  who  can  lift  400 
pounds. 

**  About  thirty  years  ago,  one  Joyce,  a  Kentish  man,  famous 
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for  his  great  strength,  showed  several  feats  in  London  and  the 
country,  which  so  much  surprised  the  spectators,  that  he  was 
by  most  people  called  the  second  Sampson.  But  though 
the  postures  which  he  had  learnt  to  put  his  body  into,  and 
found  out  by  practice,  without  any  mechanical  theory,  were 
such  as  would  make  a  man  of  common  strength  do  such  feats 
as  would  appear  surprising  to  every  one  who  did  not  know 
the  advantage  of  those  positions  of  the  body,  yet  nobody 
then  attempted  to  draw  against  horses,  or  raise  great  weights, 
or  to  do  any  thing  in  imitation  of  him :  because,  as  he  was 
very  strong  in  the  arms,  and  grasped  those  that  tried  his 
strength  that  way  so  hard  that  they  were  obliged  immediately 
to  desire  him  to  desist,  his  other  feats,  (wherein  his  manner 
of  acting  was  chiefly  owing  to  the  mechanical  advantage  gain- 
ed by  the  position  of  his  body,)  were  entirely  attributed  to 
his  extraordinary  strength. 

^^  But  when  he  had  been  gone  out  of  England,  or  had  ceased 
to  show  his  performance,  for  eight  or  ten  years,  men  of 
ordinary  strength  had  found  out  the  way  of  making  such  ad- 
vantage of  the  same  postures  as  Joyce  had  put  himself  into, 
as  to  pass  for  men  of  more  than  common  strength,  by  draw- 
ing against  horses,  breaking  ropes,  lifting  vast  weights,  &c. 
though  they  could  in  none  of  the  postures  really  perform  so 
much  as  Joyce^  yet  they  did  enough  to  amaze  and  amuse,  and 
get  a  deal  of  money,  so  that  every  two  or  three  years  we  had 
a  new  second  Sampson. 

''  About  fifteen  years  ago  a  German  of  middle  size,  and  but 
ordinary  strength,  showed  himself  at  the  Ptue  Bosts,  in  the 
Haymarket,  and,  by  the  contrivance  above-mentioned,  passed 
for  a  man  of  uncommon  strength,  and  gained  considerable  sums 
of  money  by  the  daily  concourse  of  spectators.  After  having 
seen  him  once,  I  guessed  at  his  manner  of  imposing  upon  the 
multitude ;  and  being  resolved  to  be  fully  satisfied  in  the 
matter,  I  took  four  very  curious  persons  with  me  to  see  him 
again,  viz.  the  Lord  Marquis  of  Tullibardin,  Dr  Alexander 
Smart,  Dr  Pringle,  and  a  mechanical  workman,  who  used  to 
assist  me  in  my  courses  of  experiments.  We  placed  our- 
selves in  such  manner  round  the  operator,  as  to  be  able  to 
observe  nicely  all  that  he  did  ;  and  found  it  so  practicable, 
that  we  performed  several  of  his  feats  that  evening  by  our- 
selves, and  afterwards  I  did  the  most  of  the  rest,  as  I  had  a 
frame  to  sit  in  to  draw,  and  another  to  stand  in  and  lift 
weights,  together  with  a  proper  girdle  and  hooks.  I  likewise 
showed  some  of  the  experiments  before  the  Royal  Society; 
and  ever  since,  at  my  experimental  lectures,  I  explain  the 
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reason  of  such  performances,  and  take  any  person  of  ordinary 
strength  that  has  a  mind  to  try,  who  can  easily  do  all  that  the 
German  above  mentioned  used  to  do,  without  any  danger  or 
extraordinary  straining,  by  making  use  of  my  apparatus  for 
that  purpose. 

^^  In  order  to  explain  how  great  feats  may  be  performed  by 
men  of  no  extraordinary  strength,  I  have  in  fig.  79,  drawn 
the  lower  part  of  a  skeleton,  containing  so  many  of  the  bones 
of  the  human  body  as  are  concerned  in  these  operations,  mak- 
ing the  figure  pretty  large,  to  show  the  better  how  the  girdle 
is  to  be  applied. 

**  The  bones  marked  I  S  A  P  H  I,"*^  which  compose  the  ca- 
vity called  the  pelvis,  contain  a  bony  circle  or  double  arch  of 
such  strength,  that  it  would  require  an  immense  force  to  break 
them  by  an  external  pressure  directed  towards  the  centre  of 
the  circle,  or  the  middle  of  the  pelvis.  It  is  also  to  be  ob- 
served, that  those  parts  of  this  bony  circumference,  which 
receive  the  heads  of  the  thigh-bone  above,  at,  and  below  A, 
called  the  ischium  or  coxendix,  are  the  strongest  of  all,  so 
that  a  very  great  force  may  push  the  heads  of  the  thigh-bones 
upwards,  or,  which  is  the  same  thing,  the  upper  parts  of  the 
coxendix  downwards,  or  towards  each  other  in  a  lateral 
direction  from  A  to  A,  without  doing  any  hurt  to  the  human 
body. 

^^  Now  if  the  girdle  above  described  be  put  round  the  body 
in  the  manner  represented  in  the  figure,  and  be  drawn  down- 
wards at  6,  by  a  great  weight  W,  it  will  press  on  the  os 
sacrum  behind,  and  the  ilium;  then  it  will,  by  the  pressure  on 
TT,  the  great  trochanters  of  the  thigh-bones,  draw  the  round 
heads  the  faster  into  their  sockets,  so  as  to  make  them  less 
liable  to  slip  out  and  strain  the  ligament  by  a  push  directed 
upward.  So  that  the  semicircular  part  of  the  girdle,TC  SC  T, 
presses  together  the  bony  arch  denoted  by  the  same  letters, 
which,  according  to  the  nature  of  arches,  is  the  stronger  for 
that  pressure.  The  abutments  of  the  arch  cannot  come 
nearer  together  by  reason  of  the  resistance  of  the  strong 
bones  A  P  A,  neither  can  they  fly  outwards,  because  the 
girdle  keeps  them  together.  Then  the  thighs  and  legs  T  D  B 
are  two  strong  columns,  capable  of  sustaining  4000  or  5000 

*  These  bones  are  thus  distinguished  by  anatomists :  S,  the  os  sacrum  ;  1 1, 
the  ilium ;  A  A,  the  os  ischium  5  whose  strongest  part  has  on  each  side  an  he- 
mispherical concave,  in  which  the  round  head  of  the  thigh-bone  is  received 
and  turns  round,  being  held  by  a  strong  ligament  in  its  middle  ;  those  parts 
of  the  bone  that  join  together  before,  betwixt  A  A  and  above  P,  are  called 
the  OS  pubis,  or  ossa  pubis. 
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pounds  at  least,  provided  they  stand  quite  upright.  The 
muscles  here  are  put  to  no  strain,  being  no  further  concerned 
than  to  balance  each  other ;  that  is,  the  antagonist  muscles, 
extensors,  and  flexors,  only  keep  the  bones  in  their  place, 
which  makes  them  resist  like  one  entire  bone  formed  into  an 
arch. 

''This  shows  how  easily  the  man,  fig.  80,  may  sustain  a 
cannon  of  2000  or  3000  pounds  weight.  The  same  solution 
will  also  serve  for  the  resistance  of  the  man,  fig.  81,  whom 
five  men,  nay  ten  men,  or  two  horses,  cannot  pull  out  of  his 
situation  when  he  sits  so  as  to  have  his  legs  and  thighs  in 
the  horizontal  line  P  F,  or  in  a  line  inclining  downwards 
towards  A,  for  then,  though  there  is  a  difierence  in  the  sitting 
posture  from  the  standing  posture  before  described,  yet  by 
reason  of  the  mobility  of  the  heads  of  the  thigh-bones,  in  the 
acetabula  or  cavities  of  the  coxendix,  the  arch  is  the  same 
and  as  strong  as  before,  its  abutments  being  equally  sup- 
ported by  the  legs  and  thighs.  It  is  only  the  bending  of  the 
back-bone  above  the  girdle  to  bring  up  the  body  which  makes 
the  difference  of  position  in  the  man,  though  not  sensibly  in 
the  resisting  parts. 

*'  In  breaking  a  rope  the  muscles  must  act  in  extending  the 
legs ;  and  that  we  may  the  better  explain  that  action,  we  must 
consider  a  man  breaking  the  rope,  as  represented  in  fig.  82. 
Suppose  a  rope  fastened  to  a  post  at  P,  or  any  other  fixed 
point,  is  brought  through  an  iron  eye  L,  to  the  hook  of  the 
girdle  H,  of  the  man  H  I,  and  so  fixed  to  it  by  a  loop,  or 
otherwise,  as  to  be  quite  tight,  whilst  the  man's  knees  are  so 
bended  as  to  want  about  an  inch  of  having  his  legs  and 
thighs  quite  upright.  Then  if  the  man  on  a  sudden  stretches 
his  legs  and  sets  himself  upright,  he  will  with  ease  break  the 
very  same  rope  which  held  two  horses  exerting  their  whole 
strength  when  they  drew  against  him;  such  as  a  cart  rope, 
or  a  rope  of  near  three  quarters  of  an  inch  diameter,  which 
may  be  broken  by  a  man  of  midding  strength,  by  the  action 
of  the  ten  muscles^  that  extend  the  legs,  five  belonging  to 
each  leg. 

*  The  four  muscles  that  extend  each  leg-  are  described  by  anatomiitt 
thus  : — 1.  The  rectus,  arising  from  the  anterior  inferior  spine  of  the  os  ilium, 
and  inserted,  through  the  medium  of  the  patella,  into  the  anterior  tuberosity 
of  the  tibia.  2.  The  cruralis,  situated  beneath  the  former,  and  arising  from 
the  front  surface  of  the  os  femoris  for  a  considerable  extent,  and  inserted 
into  the  upper  edge  of  the  patella,  and  also,  through  the  medium  of  that  bone, 
into  the  anterior  tuberosity  of  the  tibia.  3.  The  vastus  extemus,  arinng  from 
the  root  of  the  trochanter  major,  and  outer  side  of  the  os  femoris,  and  in« 
serted  into  the  outer  edge  of  the  patella,  and  again,  through  its  mediam»  into 
the  anterior  tuberosity  of  the  tibia.  4.  The  vastus  intemus  which  arises  from 
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<'  Iq  breaking  the  rope  one  thing  is  to  be  observed,  which 
will  much  facilitate  the  performance;  and  that  is,  to  place  the 
iron  eye  L,  through  which  the  rope  goes,  in  such  a  situation, 
that  a  plane  going  through  its  ring  shall  be  parallel,  or  nearly 
parallel,  to  the  two  parts  of  the  rope ;  because  then  the  rope 
will  in  a  manner  be  jammed  in  it,  and  not  slipping  through 
it,  the  whole  force  of  the  man's  action  will  be  exerted  on 
that  part  of  the  rope  which  is  in  the  eye,  which  will  make  it 
brsak  more  easily  than  if  more  parts  of  the  rope  were  acted 
opoB.  So  that  the  eye,  though  made  round  and  smooth,  may 
be  said  in  some  measure  to  cut  the  rope.  And  it  is  after  this 
manner  that  one  may  break  a  whip-cord,  nay,  a  small  jack- 
line,  with  one's  hand,  without  hurting  it ;  only  by  bringing 
one  part  of  the  rope  to  cut  the  other ;  that  is,  placing  it  so 
round  one's  left  hand,  that,  by  a  sudden  jerk,  the  whole  force 
exerted  shall  act  upon  one  point  of  the  rope.  See  fig.  83, 
where  the  cord  to  be  broken  at  the  point  L  in  the  left  hand, 
is  marked  according  to  its  course,  by  the  letters  R  T  S  L  M 
N  O  P  Q,  folding  once  about  the  right  hand,  then  going  under 
the  thumb  into  the  middle  of  the  left  hand ;  where  crossing 
under  another  part,  it  is  brought  back  under  the  thumb  again 
to  M,  then  round  the  back  of  the  hand  to  N,  so  through  the 
loop  at  L  to  O,  and  three  times  round  the  little  finger  at  P 
and  Q ;  which  last  is  only  that  the  loop  N  O  may  not  give 
way.  Before  the  hands  are  jerked  from  one  another,  the  left 
hand  must  be  shut,  but  the  thumb  must  be  held  loose,  lest 
pressing  against  the  fore-finger  it  should  hinder  the  part  T 
L  ef  the  rope  from  carrying  the  force  fully  to  the  point  L ; 
bat  the  little  finger  and  that  next  to  it  must  be  hold  hard,  to 
keep  the  loop  N  O  firm  in  its  place. 

''There  are  several  cases,  wherein  it  would  be  of  singular 
use  to  apply  the  force  of  one  or  more  men,  by  means  of  the 
girdle  or  hook  and  chain,  in  the  manner  above-mentioned  ; 
as  for  example,  when  the  resistance  is  very  great,  but  the 
bodies  that  resist  are  to  be  removed  but  a  little  way :  if  we 
lift  very  heavy  goods  a  small  height,  to  remove  any  thing 
from  under  them ;  if  we  would  draw  a  bolt  or  staple,  and 
find  we  cannot  do  it  even  with  an  iron  crow,  the  hand  pulling 
it  upwards  at  the  end ;  then  the  hook  of  the  girdle  being 
applied  at  the  end  of  the  crow,  the  force  exerted  by  stretching 
the  legs  would  be  tenfold  of  what  the  hands  were  able  to 
do,  wiOiout  more  help  at  the  same  place. 

''  There  may  also  be  many  occasions  on  board  a  ship.    I  will 

the  root  of  th^  trochanter  minor,  and  inner  surface  of  the  os  femorU»  and 
inserted  into  the  inner  edge  of  the  patella,  and  likewise,  through  its  medium, 
into  the  anterior  tuberosity  of  the  tibia  with  the  former  muscles. 
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instance  but  one.  Let  F  G,  fig.  84,  be  the  tackle  for  raising 
or  lowering  the  main-top-mast,  part  of  which  is  represented 
by  m  1,  m  2  ;  the  block  G  is  fixed  below,  and  as  the  block  F 
comes  down,  it  pulls  along  with  it  the  top  rope  F  B  C,  m  1 
running  over  the  block  B,  fixed  at  A,  and  round  the  block  C 
in  the  heel  of  the  top-mast,  so  as  to  draw  up  the  lower  end 
m  1  of  the  said  main-top-mast,  which,  when  hoisted  up  to  its 
due  height,  is  made  fast  by  the  iron  pin  or  fid  I,  which  is 
thrust  through  it,  and  then  its  own  weight  and  the  hole  D  of 
the  cap  will  keep  it  in  its  place.  We  will  suppose  that  the 
force  required  thus  to  raise  the  mast  must  be  that  of  six  men 
pulling  upon  deck  at  the  fall  of  the  tackle,  that  is,  at  the 
running  rope  F  G  K  at  K  on  the  other  side  of  the  main-mast 
L  h  Now  in  order  to  let  down  this  mast  on  the  sudden,  as 
in  case  of  hard  weather,  it  is  necessary  the  tackle  and  power 
must  be  made  use  of,  though  it  be  but  to  lift  it  a  very  little 
way,  that  a  man  may  be  able  to  get  out  the  fid  I,  before  the 
said  mast  can  be  let  down  and  slip  to  N  on  the  side  of  the 
main-mast.  I  say,  that  if  the  hands  are  so  employed  other- 
wise, that  instead  of  six  men  there  be  only  one  man  at  the 
rope  K ;  if  he  has  a  strong  girdle  to  which  he  fastens  it,  or 
makes  a  bow  in  the  rope  itself,  to  fix  it  round  the  lower  part 
of  his  back,  &c.,  he  may  exert  much  more  force  in  the  di- 
rection G  K  than  the  six  men  in  the  common  way  of  pulling; 
and  if  he  draws  to  him,  sitting  on  the  ground,  and  pushing 
his  feet  against  the  first  firm  obstacle  that  he  finds,  as  against 
O  P,  only  two  inches  of  the  rope  G  K,  he  will  raise  up  the 
main-top-mast  the  third  part  of  an  inch,  which  will  be  suffi- 
cient for  the  iron  fid  I  to  be  drawn  out."  Desaguliers' 
PhUoaophy^  vol.  i. 

WATER-MILLS- 

Water-mill  is  the  name  by  which  all  mills  are  designated 
that  receive  their  motion  from  the  impulse  of  the  water.  As 
each  of  these  mills  will  come  under  their  respective  heads, 
we  shall,  in  the  present  article,  confine  ourselves  to  a  minute 
description  of  the  different  kinds  of  water-wheels,  by  whose 
axis  the  force  with  which  they  have  been  impressed  may  be 
transmitted  to  move  any  species  of  machinery,  however  sim- 
ple or  complex. 

But,  notwithstanding  the  extensive  signification  of  the 
term  water-mill,  when  applied  to  the  different  branches  of 
manufacture  carried  on  therein,  we  have  another,  and  still 
more  simple  division,  arising  from  the  peculiar  construction 
of  the  water-wheel,  termed  the  undershot-mill,  the  overshot- 


Digitized  by 


Google 


AND  MACHINIST.  65 

mill,  aod  the  breast-mill.  There  is  also  another  called  the 
mill  with  horizontal  wheels ;  but  as  this  is  very  disadvan- 
tageous in  point  of  practical  utility,  we  shall  forbear  to  de- 
scribe it.  The  undershot-wheel  is  used  only  in  streams,  and 
is  acted  upon  by  the  water  striking  the  float-boards  at  the 
lower  circumference  of  the  wheel.  In  the  cvershot-wheel 
the  water  is  poured  over  the  top  of  the  wheel,  and  is  received 
in  buckets  formed  all  round  the  wheel  for  that  purpose.  And 
in  the  breast-wheel  the  water  falls  down  upon  the  wheel  at 
right  angles  to  the  float-boards,  or  buckets  placed  round  the 
circumference  of  the  wheel  to  receive  it. 

UNDERSHOT-WHEELS. 

Mr  John  Smeaton  has  made  numerous  experiments  upon 
the  difierent  kinds  of  water-wheels,  the  results  of  which 
were  laid  before  the  Royal  Society.  The  time  that  has 
elapsed  since  the  period  when  they  were  first  given  to  the 
world,  has  been  sufficient  to  prove  their  fallacy,  if  any  had 
existed ;  and  the  high  estimation  in  which  they  still  continue 
to  be  held  by  mathematicians  and  mechanics,  is  certain  evi- 
dence of  their  value  and  importance. 

Mr  Smeaton  prefaces  a  minute  description  of  the  machines 
and  models  used  by  him  for  his  experiments,  with  an  obser- 
vation, that  what  he  has  to  communicate  on  the  subject  was 
originally  deduced  from  experiments,  which  he  looks  upon 
as  the  best  means  of  obtaining  the  outlines  in  mechanical 
inquiry.  "  But  in  such  cases,"  says  he,  ''  it  is  very  necessary 
to  distinguish  the  circumstances  in  which  a  model  differs 
from  a  machine  in  large ;  otherwise  a  model  is  more  apt  to 
lead  us  from  the  truth  than  towards  it :  and,  indeed,  though 
'the  utmost  circumspection  be  used  in  this  way,  the  best 
structure  of  machines  cannot  be  fully  ascertained  but  by 
making  trials  with  them,  when  made  of  their  proper  size. 
It  was  for  this  reason,  though  the  models  and  experiments 
referred  to  were  made  in  the  years  1752  and  1753,  that  I 
have  deferred  offering  them  to  the  Society  until  I  had  an 
opportunity  of  ptUting  the  deductions  made  therefrom  in 
real  practice^  in  a  variety  of  cases,  and  for  various  purposes, 
so  as  to  be  able  to  assure  the  Society  that  I  have  found  them 
to  answer  y 

Mr  Smeaton  then  remarks,  that  the  word  power,  as  used 
in  practical  mechanics,  signifies  the  exertion  of  strength,  gra- 
vitation, impulse,  or  pressure,  so  as  to  produce  motion :  and 
by  means  of  strength,  gravitation,  impulse,  or  pressure,  com- 
pounded with  motion,  to  be  capable  of  producing  an  effect ; 
I 


Digitized  by 


Google 


66  THE  OPERATIVE  MECHANIC 

aod  that  no  effect  is  properly  mechanical,  but  what  requires 
such  a  kind  of  power  to  produce  it. 

Having  described  the  models  and  machines  used  for  making 
his  experiments,  he  observes  that  with  regard  to  poweTy  it  is 
most  properly  measured  by  the  raising  of  a  weight,  the  rela- 
tive height  to  which  it  can  be  raised  in  a  given  time  being 
the  actual  extent ;  or,  in  other  words,  if  the  weight  raised  be 
multiplied  by  the  height  to  which  it  can  be  raised  in  a  given 
time,  the  product  is  the  measure  of  the  power  raising  it ;  and, 
consequently,  all  those  powers  are  equal,  whose  products, 
made  by  such  multiplication,  are  the  same :  for  if  a  power 
can  raise  twice  the  weight  to  the  same  height,  or  the  same 
weight  to  twice  the  height,  in  the  same  time  that  another 
power  can,  the  first  power  is  double  the  second;  but  if  the 
power  can  only  raise  half  the  weight  to  double  the  height, 
or  double  the  weight  to  half  the  height,  in  the  same  time 
that  another  can,  those  two  powers  are  equal.  This,  how- 
ever, must  be  understood  to  be  only  in  cases  of  slow  and 
equable  motion,  where  there  is  no  acceleration  or  retardation. 

In  comparing  the  effects  produced  by  water-wheels  with 
the  powers  producing  them,  or,  in  other  words,  to  know  what 
part  of  the  original  power  is  necessarily  lost  in  the  applica- 
tion, we  must  previously  know  how  much  of  the  power  is 
spent  in  overcoming  the  friction  of  the  machinery  and  the 
resistance  of  the  air ;  also,  what  is  the  real  velocity  of  the 
water  at  the  instant  that  it  strikes  the  wheel,  and  the  real 
quantity  of  water  expended  in  a  given  time. 

From  the  velocity  of  the  water  at  the  instant  that  it  strikes 
the  wheel,  the  height  of  head  productive  of  such  velocity 
can  be  deduced,  from  acknowledged  and  experimental  prin- 
ciples of  hydrostatics :  so  that  by  multiplying  the  quantity  or 
weight  of  water  really  expended  in  a  given  time,  by  the  height 
of  a  head  so  obtained,  which  must  be  considered  as  the  height 
from  which  that  weight  of  water  had  descended  in  such  given 
time,  we  shall  have  a  product  equal  to  the  original  power  of 
the  water,  and  clear  of  all  uncertainty  that  would  arise  from 
the  friction  of  the  water,  in  passing  small  apertures,  and 
from  all  doubts  arising  from  the  different  measure  of  spouting 
waters,  assigned  by  different  writers. 

On  the  other  hand,  if  the  sum  of  the  weights  raised  by  the 
action  of  this  water,  and  of  the  weight  required  to  overcome 
the  friction  and  resistance  of  the  machine,  be  multiplied  by 
the  height  to  which  the  weight  can  be  raised  in  the  time  given, 
the  product  will  be  equal  to  the  effect  of  that  power;  and 
the  proportion  of  the  two  products  will  be  in  proportion  of 
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the  power  to  the  ^eci :  so  that  by  loading  the  wheel  with 
different  weights  successively,  we  shall  be  able  to  determine 
at  what  particular  load,  and  velocity  of  the  wheel,  the  effect 
is  a  maximum. 

The  experiments  made  by  Mr  Sroeaton  may  thus  be 
reduced.  The  circumference  of  the  wheel,  75  inches,  mul- 
tiplied by  86  turns,  gives  6450  inches  for  the  velocity  of  the 
water  in  a  minute ;  ^V  of  which  will  be  the  velocity  in  a 
second,  equal  to  107.5  inches,  or  8.96  feet,  which  is  due  to 
a  head  of  15  inches ;  and  this  we  call  the  virtual  or  ^ectifot 
head.  The  area  of  the  head  being  105.8  inches,  this  mul- 
tiplied by  the  weight  of  water  off  the  cubic  inch,  equal  to 
the  decimal  579  of  the  ounce  avoirdupois,  gives  61 .26  ounces 
for  the  weight  of  as  much  water  as  is  contained  in  the  head, 
upon  one  inch  in  depth,  iV  of  which  is  3.83  pounds ;  this 
multiplied  by  the  depth  31  inches,  gives  80.43  pounds  for 
the  value  of  12  strokes ;  and  by  proportion,  39i  (the  numbbr 
made  in  a  minute,)  will  give  264.7  pounds,  the  weight  of 
water  expended  in  a  minute. 

Now  as  264.7  pounds  of  water  may  be  considered  as 
having  descended  through  a  space  of  15  inches  in  a  minute, 
the  product  of  these  two  numbers  3970  will  express  the 
power  of  the  water  to  produce  mechanical  effects;  which 
were  as  follows: 

The  velocity  of  the  wheel  at  the  maximmn,  as  appears 
above,  was  30  turns  a  minute;  which  multiplied  by  nine 
inches,  the  circumference  of  the  cylinder,  makes  270  inches ; 
but  as  the  scale  was  hung  by  a  pulley  and  double  line,  the 
weight  was  only  raised  half  of  this,  viz.  135  inches. 

The  weight  in  the  scale  at  the  maximum 
The  weight  of  the  scale  and  pulley  .  .  . 
The  counterweight,  scale,  and  pulley  .  . 

Sum  of  the  resistance  .  . 

Or  pounds  .  .  9.375 

Now  as  9.375  pounds  is  raised  135  inches,  these  two  num- 
bers being  multiplied  together,  the  product  is  1266,  which 
expresses  the  effect  produced  at  a  maximum ;  so  that  the 
proportion  of  the  power  to  the  effect  is  as  3970  :  1266,  or 
as  10  :  3.18. 

But  though  this  is  the  greatest  sinele  effect  producible 
ftom  the  power  mentioned,  by  the  impulse  of  the  water  upon 
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an  uodershot-wheel ;  yet,  as  the  whole  power  of  the  water 
is  not  exhausted  by  it,  this  will  not  be  the  true  ratio  between 
the  power  of  the  water,  and  the  sum  of  all  the  effiects  pro- 
ducible therefrom ;  for,  as  the  water  roust  necessarily  leave 
the  wheel  with  a  velocity  equal  to  the  wheel's  circumference, 
it  is  plain  some  part  of  the  power  of  the  water  must  remain 
after  quitting  the  wheel. 

The  velocity  of  the  wheel  at  the  maximum  is  30  turns  a 
minute ;  and  consequently  its  circumference  moves  at  the 
rate  •f  3.123  feet  a  second,  which  answers  to  a  head  of  1.82 
inches;  this  being  multiplied  by  the  expense  of  water  in  a 
minute,  viz.  264.7  pounds,  produces  481  for  the  power 
remaining  in  the  water  after  it  has  passed  the  wheel :  this 
being  therefore  deducted  from  the  original  power  3.970, 
leaves  3.489,  which  is  that  part  of  the  power  spent  in  pro- 
ducing the  effect  1266 ;  and  consequently,  the  part  of  the 
power  spent  in  producing  the  effect,  is  to  the  greatest 
effect  that  it  produces  as  3489  :  1266  :  :  10  : 3.62,  or  as 

1 1  to  4. 

The  vehcUy  of  the  water  striking  the  wheel  has  been  de« 
termined  to  be  equal  to  86  circumferences  of  the  wheel  per 
minute,  and  the  velocity  of  the  wheel  at  the  maximum  to  be 
80;  the  velocity  of  the  water  will  therefore  be  to  that  of  the 
wheel  as  86  to  30,  or  as  10  to  3.5,  or  as  20  to  7. 

The  load  at  the  maximum  has  been  shown  to  be  equal  to 
nine  pounds  six  ounces,  and  the  wheel  ceased  moving  with 

12  pounds  in  the  scale :  to  which  if  the  weight  of  the  scale 
be  added,  viz.  10  ounces,  the  proportion  will  be  nearly  as 
3  to  4  between  the  load  al  the  maximum  and  that  by  which 
the  wheel  is  stopped. 

It  is  somewhat  remarkable,  that  though  the  velocity  of  the 
wheel  in  relation^ to  the  water  turns  out  greater  than  |  of  the 
velocity  of  the  water,  yet  the  impulse  of  the  water  in  the 
case  of  a  maximum  is  more  than  double  of  what  is  assigned 
by  theory ;  that  is,  instead  of  |  of  the  column,  it  is  nearly 
equal  to  the  whole  column. 

It  must  be  remembered,  therefore,  that,  in  the  present 
case,  the  wheel  was  not  placed  in  an  open  river,  where  the 
natural  current,  after  it  has  communicated  its  impulse  to  the 
float,  has  room  on  all  sides  to  escape,  as  the  theory  supposes ; 
but  in  a  conduit  or  race,  to  which  the  float  is  adapted,  the 
water  cannot  otherwise  escape  than  by  moving  along  with 
the  wheel.  It  is  observable,  that  a  wheel  working  in  this 
manner,  so  soon  as  the  water  meets  the  float,  receives  a  sud- 
den check,  and  rises  up  against  the  float,  like  a  wave  against 
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a  fixed  object ;  insomuch,  that  when  a  sheet  of  water  is  not 
a  quarter  of  an  inch  thick  before  it  meets  the  float,  yet  this 
sheet  will  act  upon  the  whole  surface  of  a  float  whose  height 
is  three  inches ;  and,  consequently,  were  the  float  no  higher 
than  the  thickness  of  the  sheet  of  water,  as  the  theory  also 
supposes,  a  great  part  of  the  force  would  have  been  lost  by 
the  water  dashing  over  the  float. 

Mr  Smeaton  next  proceeds  to  give  tables  of  the  velocities 
of  wheels  with  difierent  heights  of  water ;  and  from  the 
whole  deduces  the  following  conclusions. 

Maxim  1.  That  the  virtual  or  effective  head  of  water,  and 
consequently  its  efiluent  velocity  being  the  same,  the  mecha- 
nical effect  produced  by  a  wheel  actuated  by  this  water  will 
be  nearly  in  proportion  to  the  quantity  of  water  expended. 

Ab/e. — The  virtual  or  effective  head  of  any  water  which 
18  moving  with  a  certain  velocity,  is  that  height  from  which  a 
heavy  body  must  fall,  in  order  to  acquire  the  same  velocity. 

The  height  of  the  virtual  head,  therefore,  may  be  easily 
determined  from  the  velocity  of  the  water ;  for  the  heights 
are  as  the  square  of  the  velocities,  and  the  velocities,  conse- 
quently, as  the  square  roots  of  the  heights.  Mr  Smeaton 
observed  the  velocity  of  the  effluent  water  in  all  his  experi- 
ments, and  thence  calculated  the  virtual  head :  he  states, 
that  the  virtual  head  bears  no  proportion  to  the  real  head  or 
depth  of  water ;  but  that  when  either  the  aperture  it  greater, 
or  when  the  velocity  of  the  water  issuing  therefrom  les^,  they 
approach  nearer  to  a  coincidence ;  and  consequently,  in  the 
large  openings  of  mills  or  sluices,  where  great  quantities  of 
water  are  discharged  from  moderate  heads,  the  actual  head 
of  water,  and  the  virtual  head,  as  determined  by  theory  from 
the  velocity,  will  nearly  agree. 

For  example  of  the  application  of  his  first  maxim.  Sup- 
pose a  mill  driven  by  a  fall  of  water  whose  virtual  head  is 
five  feet,  and  which  discharged  550  cubic  feet  of  water  per 
minute,  and  that  it  is  capable  of  grinding  four  bushels  of 
wheat  in  an  hour.  Now  another  mill,  having  the  same  virtual 
bead,  but  which  discharges  1100  cubic  feet  of  water  per 
minute,  will  grind  eight  bushels  of  corn  in  an  hour. 

Maxim  2.  That  the  expense  of  water  being  the  same,  the 
effect  produced  by  an  undershot-wheel  will  be  nearly  in 
proportion  to  the  height  of  the  virtual  or  effective  head. 
This  is  proved  in  the  preceding  example. 

Maxim  3.  That  the  quantity  of  water  expended  being  the 
same,  the  effect  will  be  nearly  as  the  square  of  the  velocity  of 
the  water ;  that  is,  if  a  mill  driven  by  a  certain  quantity  of 
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water,  moving  with  the  velocity  of  18  feet  per  second,  ii 
capable  of  grinding  four  bushels  of  corn  in  an  hour,  another 
mill,  driven  by  the  same  quantity  of  water,  but  moving  with 
the  velocity  of  22i  feet  per  second,  will  grind  nearly  seven 
bushels  of  corn  in  an  hour;  because  the  square  of  18  ia 
324,  and  the  square  of  22i  is  506i.  Now,  say,  as  324  is  to 
4  bushels,  so  is  506i  to  6i  bushels ;  that  is  as  4  to  6j-. 

Maxim  4.  The  aperture  through  which  the  water  issues 
being  the  same,  the  effect  will  be  nearly  as  the  cube  of  the 
velocity  of  the  water  issuing ;  that  is,  if  a  mill  driven  by  water 
rushing  through  a  certain  aperture  with  the  velocity  of  18 
feet  per  second  will  grind  four  bushels  of  corn  in  an  hour, 
another  mill,  driven  by  water  moving  through  the  same 
aperture,  but  with  the  velocity  of  22i  feet  per  second,  will 
grind  51  bushels;  for  the  cube  of  18  is  5832,  and  the  cube 
of  22i  is  1 13901 ;  then  as  5832  is  to  4,  so  is  1 13901  to  72. 

Maxim  5.  The  proportions  between  the  power  of  the 
water  eipended,  and  the  effect  produced  by  the  wheel,  were 
3  to  1.  Upon  comparing  several  experiments,  Mr  Smeatou 
fixed  the  proportions  between  them  for  large  works ;  that  is, 
if  the  weight  of  the  water  which  is  eipended  in  any  given 
time  be  multiplied  by  the  height  of  the  fall,  and  if  the  weight 
raised  be  also  multiplied  by  the  height  through  which  it  is 
raised,  the  first  of  these  two  products  will  be  throe  tioies 
that  of  the  second* 

Maxim  6.  The  best  general  proportions  of  velocities 
between  the  water  and  the  floats  of  the  wheels  will  be  that 
of  5  to  2 ;  for  instance,  if  the  water  when  it  strikes  the 
wheel  moves  with  a  velocity  of  18  feet  per  second,  the  wheel 
must  be  so  loaded  that  its  float-boards  will  move  with  a 
velocity  of  7.2  feet  per  second,  and  the  wheel  will  then 
derive  the  greatest  power  from  the  water,  because  as  5  to  18, 
so  is  2  to  7.2. 

Maxim  7.  There  is  no  certain  ratio  between  the  load  that 
the  wheel  will  carry  when  producing  its  maximum  of  effect, 
and  the  load  that  will  totally  stop  it;  but  it  approaches 
nearest  to  the  ratio  of  4  to  3,  whenever  the  power  exerted 
by  the  wheel  is  greatest,  whether  it  arise  from  an  increase 
of  the  velocity,  or  from  an  increased  quantity  of  water ;  and 
this  proportion  seems  to  be  the  most  applicable  to  large 
works.  But  when  we  know  the  effect  which  a  wheel  ought 
to  produce,  and  the  velocity  it  ought  to  move  with  whilst 
producing  that  effect,  the  exact  knowledge  of  the  greatest 
load  it  will  bear  is  of  very  little  consequence  in  practice. 
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Maxim  8.  The  load  that  the  wheel  ought  to  have^  in  order 
to  work  to  the  most  adrantage,  can  always  be  assigned  thus  t 
ascertain  the  power  of  the  whole  body  of  water^  by  multiply- 
ing the  weight  of  the  water  expended  in  a  minute  by  the 
height  of  the  fall ;  take  one-third  of  the  product,  and  it  gives 
the  effect  of  power  which  the  wheel  ought  to  produce :  to 
find  the  load,  we  must  divide  this  product  by  the  velocity 
which  the  wheel  should  have,  and  that,  as  we  have  before 
settled,  should  be  two-fifths  of  the  velocity  with  which  the 
water  moves  when  it  strikes  the  wheel. 

In  the  application  of  these  principles  the  first  thing  to  be 
done  in  a  situation  where  an  undershot-wheel  is  intended  t6 
be  fixed,  is  to  consider  whether  the  water  can  run  off  clear 
fi'om  the  wheel, '  so  as  to  have  no  back-water  to  impede  its 
motion ;  and  whether  the  fall  which  can  be  obtained  by  con- 
structing a  proper  dam  to  pen  up  the  water,  and  sluice  for  it 
to  pass  through,  will  cause  it  to  strike  the  float-boards  of  the 
wheel  with  sufficient  Telocity  to  impel  them  forcibly  forwards ; 
and  also,  whether  the  quantity  of  the  supply  will  be  sufficient 
to  keep  a  wheel  at  work  for  a  certain  number  of  hours  each 
day. 

When  we  have  ascertained  the  height  of  the  fall  of  water, 
that  is  the  height  of  the  surface  above  the  centre  of  the  open- 
ing of  the  sluice,  we  must  find  what  will  be  the  continual 
velocity  of  the  water  issuing  from  such  opening. 

In  some  cases,  we  have  the  velocity  of  the  water  given 
when  it  issues  from  the  opening  of  the  sluice,  and  we 
then  require  to  know  what  height  of  column  will  pro- 
duce that  velocity.  These  two  things  we  may  find  by  a 
single  rule,  and  an  easy  arithmetical  operation,  which  is  as 
follows : 

Isl.  The  perpendicular  height  of  the  fall  of  water  being 
given  in  feet  and  decimals  of  feet,  the  velocity  that  the  wa- 
ter will  acquire  per  second,  expressed  in  feet  and  decimals, 
may  be  found  by  the  following  rule: 

Multiply  the  constant  number  64.2882  by  the  given 
height,  and  the  square  root  of  the  product  is  the  velocity  re- 
quired. 

ExampU  1.  If  the  height  is  two  feet,  the  velocity  will  be 
found  11.34  feet  per  second. 

Example  2.  If  the  height  is  16.0913  feet,  the  velocity  will 
be  32.1826  feet  per  second. 

Example  3.  If  the  height  is  50  feet,  the  velocity  will  be 
56.68  feet  per  second. 

JVV>te.— *The  velocities  thus  obtained  will  be  only  the  theo- 
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retic  velocity ;  that  is,  the  velocity  any  body  would  acquire 
by  falling  through  such  height  in  vacuo;  the  velocity  in  re- 
ality will  be  less,  generally  six  or  seven-tenths. 

The  uniform  velocity  of  a  fluid  being  given,  expressed  in 
feet  and  decimals  of  feet  per  second,  the  height  of  the  column 
or  fall  to  produce  such  a  velocity  may  be  found  by  the  fol- 
lowing rule : 

Multiply  the  given  velocity  into  itself,  and  divide  the  pro- 
duct by  64.2882 ;  the  quotient  will  be  the  height  required, 
expressed  in  feet  and  decimals. 

Exampk  1.  If  the  velocity  given  is  three  feet  per  second, 
(he  height  will  be  0.139  of  a  foot. 

Exampk  2.  If  the  velocity  given  is  32.1826  feet  per  se- 
cond, the  height  will  be  found  16.0913  feet. 

Example  3.  Let  the  velocity  be  100  feet  per  second,  the 
height  will  be  155.694  feet. 

The  knowledge  of  the  foregoing  particulars  is  absolutely 
necessary  for  constructing  an  undershot  water-wheel ;  but  the 
most  advantageous  method  of  setting  it  to  work,  and  to  find 
out  the  utmost  it  could  perform,  would  be  very  difficult,  if 
we  were  not  furnished  with  the  maximum  Irhicb  Mr.  Smea- 
ton  settled,  by  showing,  that  an  undershot  water-wheel  will 
act  to  the  greatest  advantage  when  the  velocity  of  its  float- 
boards  is  equal  to  two-fifths  of  four-tenth  parts  of  that  of  the 
water  which  gives  it  motion. 

Lambert's  water-wheel. 

In  1819  Mr  Lambert,  of  Prince's-street,  Leicester-square, 
obtained  a  patent  for  an  improvement  in  the  water-wheel, 
which  he  thus  describes  : 

^^  My  improved  water-wheel,  as  shown  in  figs.  85,  86,  and 
87,, represents  the  paddles  standing  in  a  vertical  position  to 
the  surface  of  the  water  through  which  they  are  to  pass,  and 
in  whatever  situation  or  direction  the  wheel  either  rests  or 
moves,  the  paddles  preserve  the  same  vertical  position. 
The  great  advantage  derived  from  the  paddles  of  a  water- 
wheel  entering  and  quitting  the  water  through  which  such 
wheel  revolves  in  a  perpendicular  direction,  has  long  been 
admitted  to  be  a  most  important  and  desirable  measure  in 
that  class  of  water-wheels  kno\^n  and  called  by  engineers 
undershot-wheels,  either  for  water-mills  or  for  navigable  pur- 
poses. The  benefit  of  working  the  paddles  of  such  wheels  in 
a  vertical  position  is  not  only  the  superior  hold  and  pressure 
which  the  water  takes  on  the  paddles  or  floats  of  such  wheels, 
but  the  very  little  back-water  which  they  create  on  leaving 
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it.  The  principle  of  this  improvement  is  to  make  the  lower 
paddles  recede  from  the  centre  of  the  axle  and  to  the  arms  to 
which  they  are  attached,  white  the  upper  paddles  proceed  to 
the  centre  of  the  axle  in  equal  distances  as  the  others  recede ; 
and  in  the  rotation  of  the  wheel,  every  paddle  passes  through 
the  various  evolutions  and  positions  to  which  every  revolution 
of  the  wheel  subjects  each  paddle.  The  lower  paddles  de- 
scribe a  greater  radius  of  a  circle  than  the  upper  paddles,  and 
thereby  travel  at  an  increased  velocity,  or  rather  they  pass  at 
their  extreme  points  through  a  greater  space  in  the  same  pe- 
riod of  time;  this  effect  renders  the  lower  half  of  the  wheel 
heavier  than  the  upper,  by  the  eccentric  positiot)  of  the  pad- 
dles, and  the  flat  ring  of  iron  to  which  they  are  attached,  and 
it  also  increases  the  speed  of  any  navigable  body  through  the 
water  to  which  such  wheels  are  applied. 

Figs.  85,  86,  and  87,  are  views  of  my  improved  wheel  with 
one  paddle,  as  in  fig.  85,  at  its  greatest  depth  in  the  water ; 
B,  B,  B,  B,  is  one  of  the  iron  arm  frames  to  which  one  end  of 
tlia  paddles,  C,C,  C,  C,  C,  C,  are  attached  by  the  Joint-pins  D, 
D,  D,  D,  D,  D,  to  the  arm  frames  B,  B,  B,  B.  £  E  is  the  flat 
iron  ring  or  eccentric  circle,  to  which  the  other  ends  of 
the  paddles  are  attached  by  similar  joint-pins  F,  F,  F,  F,  F,  F. 
6  6,  are  the  iron  guard  or  guide-rollers,  a  section  of  one  of 
which  is  shown  at  fig.  88,  which  may  either  revolve  on  fixed 
axles,  or  these  rollers  may  be  fixed  on  revolving  axles,  which- 
ever b  most  convenient.  The  object  of  these  rollers  is,  to 
keep  the  iron  circle  E  £  in  its  proper  situation,  which  is  an 
equal  distant  position  from  the  centre  of  the  wheel-shaft  in  a 
longitudinal  direction,  and  eccentric  in  a  vertical  position  to  the 
shaft  A.  These  rollers  must  be  placed  apart  from  each  other, 
a  distance  exactly  equal  to  the  diameter  of  the  iron  circle 
E  E,  consequently  the  rollers  G  6  must  be  placed  in  a  line 
through  the  centre  of  the  circle  E  E,  and  which  will  allow 
this  circle  to  rub  and  give  motion  to  the  rollers  6  G,  at  the 
speed  it  revolves.  The  circle  E  E  forms  an  eccentric  course, 
while  it  rubs  on  every  part  of  its  periphery  against  the  rollers 
6  G.  This  circle  E  £  may  be  formed  with  teeth  like  the  rim 
oC  a  cog-wheel,  and  in  that  case  the  rollers  G  G  may  either 
one  or  both  of  them  be  formed  into  spur  pinions  to  fit  the 
teeth  of  the  circle  E  E,  which  would  be  a  quick  and  simple 
RKxIe  for  my  improved  water-wheel  to  work  machinery.  I 
sometimes  use  two  flat,  hardened  steel  springs,  as  shown  in 
fig.  89,  instead  of  the  rollers  G  G,  to  keep  the  circle  £  £  in 
its  proper  place  ;  and  in  certain  situations  they  will  be  found 
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to  answer  very  well.  Great  care  roust  be  taken  to  make  the 
joint  pin-holes  in  the  iron  Trames  B,  B,  B,  B,  exactly  an  equaF 
distance  apart  from  each  other ;  and  it  must  also  be  observed 
in  piercing  or  drilling  the  joint  pin-holes  in^  the  circle  E  E, 
that  they  correspond  with  the  holes  made  in  tlie  arm  frames 
B,.B,  B,  B.  It  will  be  always  advisable  to  drill  both  the 
arm  frames,  B,  B,  B,  B,  and  the  circle  £  E,  together,  that  the 
joint  pin-holCT  in  all  three  may  correspond  exactly  with  each 
other,  and  particularly  from  the  centre!  of  each.  The  joint 
pin-holes,  in  the  paddle-plates  or  floats,  should  also  be  made 
to  correspond  with  each  other ;  and  it  is  the  distance  of  the 
holes  from  D  to  F  in  the  paddles  CC,  as  shown  at  fig.  ^0, 
which  determine  the  eccentrity  of  ibe  course  of  the  iron 
ring  E  E  ;  and  it  is  by  connecting  these  paddles  at  D  to  the 
arm  frames  B,  B,  B,  B,  and  at  F  to  the  ring  E  E,  which  in 
the  rotation  of  the  whole  by  the  axle  A,  and  by  keeping  the 
<:ircle  E  E  in  its  proper  situation  as  before  described,  either 
by  the  rollers  G  G,  or  when  the  springs  H  H  are  substituted 
for  the  rollers,^that  the  paddles  always  preserve  a  vertical 
position  to  the  surface  of  the  water,  and  which  cause  the 
upper  paddles  to  approach,  whilst  the  lower  paddles  recede 
from  the  centre  of  the  axle  A.  Fig.  86  represents  a  view  of 
the  wheel  combined  with  all  the  paddles  connected  to  both 
frames  of  the  wheel,  with  the  iron  ring  or  circle  E  E  placed 
in  the  middle  of  the  frames  and  between  the  sides  of  the 
paddles,  with  the  joint-pins  in  their  proper  places,  with  the 
two  lower  paddles  at  their  most  extended  distance  from  the 
centre  of  axle  A,  whilst  the  two  upper  paddies  are  brought 
to  their  nearest  situation  to  that  axle;  the  joint-pins  must 
either  have  nuts  and  screws,  or  other  proper  fastenings,  to 
keep  them  in  their  several  places,  or  split  keys,  the  latter  of 
which  I  decidedly  prefer.  The  axle  A  must  be  properly 
placed  and  secured  in  the  iron  frames  B,  B,  B,  B,  in  any  of 
the  ordinary  modes  which  an  experienced  and  skilful  workman 
will  adopt.  The  number  of  sets  of  paddles  or  floats  for  any 
one  wheel  must  be  determined  according  to  the  magnitude 
and  duty  of  such  wheel ;  it  is  the  general  construction  and 
combination  as  described,  which  constitute  my  improved 
wheel,  and  not  the  number  of  the  paddles  or  floats,  or  their 
magnitude.  I  should,  however,  never  recommend  less  than 
six  sets  of  paddles  or  floats  to  be  combined  in  any  wheel, 
made  on  the  plan  of  my  improved  wheel,  although  I  am  aware 
it  would  act  with  a  less  number,  but  not  so  advantageously. 
The  same  letters  in  figs.  85,  86,  and  87,  represent  the  same 
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parts  in  either  of  these  figures,  and  as  far  as  any  of  the  similar 
parts  are  sbawn  in  figs.  88,  89,  and  90,  the  letters  and  cha- 
racters also  distinguish  them. 

THE  OVERSHOT-WHEEL. 

This  wheel  consists  of  a  frame  of  open  buckets,  placed 
round  the  rim  of  a  vertical  wheel,  to  receive  the  water  from 
a  spout  placed  over  it,  so  that  the  buckets  on  the  one  side 
shall  be  always  loaded,  while  those  on  the  opposite  side  are 
empty.  The  loaded  side  will  of  course  descend,  and  the 
wheel  in  its  revolution  will  bring  the  empty  buckets  under 
the  spout,  to  be  in  their  turn  filled  with  water. 

The  principal  thing  to  be  attended  to  in  the  construction  of 
this  wheel  is  to  have  the  buckets  of  such  a  form  as  will  retain 
the  water  along  the  greatest  circumference  of  the  wheel :  and 
as  this  is  a  thing  not  easily  to  be  accomplished,  numerous 
contrivances  have  been  restored  to  by  mill-wrights  to  de- 
termine the  best  possible  form. 

Fig.  91  is  the  outline  of  a  wheel  having  40  buckets.  The 
ring  of  board  contained  between  the  concentric  circles  QD  S 
and  PAR,  making  the  ends  of  the  buckets,  is  called  the 
shrouding,  and  Q  P  the  depth  of  shrouding.  The  inner  circle 
P  A  R  is  called  the  sole  of  the  wheel,  and  usually  consists  of 
boards  nailed  to  strong  wooden  rings  of  compass  timber  of 
considerable  scantling,  firmly  united  with  the  arms  or  radii. 
The  partitions,  which  determine  the  form  of  the  buckets, 
consists  of  three  difierent  planes  or  boards,  A  B,  B  C,  C  D, 
which  are  variously  Jiamed  by  difierent  artists.  We  have 
heard  them  called  the  start  or  shoulder,  the  arm,  and  the 
wrest :  (probably  for  wribt,  on  account  of  a  resemblance  of 
the  whole  line  to  the  human  arm:)  B  is  also  called  the 
elbow. 

Fig.  92  represents  a  small  portion  of  the  same  bucketing  on 
a  larger  scale,  that  the  proportion  of  the  parts  may  be  more 
distinctly  seen.  A  G  the  sole  of  one  bucket  is  made  about  4 
more  than  the  depth  G  H  of  the  shrouding.  The  start  A  B 
is  i  of  A  I.  The  plane  B  C  is  so  inclined  to  A  B  that  it  would 
pass  through  H ;  but  it  is  made  to  terminate  in  C,  in  such  a 
manner  that  F  C  is  f  ths  of  G  H  or  A  I.  Then  C  D  is  so 
placed  that  H  D  is  about  |th  of  I  H. 

By  this  construction  it  follows  that  the  area  F  A.B  C  is^ 
very  nearly  equal  to  D  A  B  C ;  so  that  the  water  which  will 
fill  the  space  F  A  B  C  will  all  be  contained  in  the  bucket 
when  it  shall  come  into  such  a  position  that  A  D  is  a  hori- 
zontal line ;  and  the  line  A  B  will  then  make  an  angle  of 
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35^  with  the  rertical,  or  the  bucket  will  be  36^  from  the 
perpendicular^  passing  through  the  axis  of  motion.  If  the 
bucketdesceod  so  much  lower  that  one-half  of  the  water  runs 
out,  the  line  A  B  will  make  an  angle  of  25°  or  24°  nearly 
with  the  vertical.  Therefore  the  wheel,  filled  to  the  degree 
now  mentioned,  will  begin  to  lose  water  at  about  j-th  of  the 
diameter  from  the  bottom,  and  ha}fjqf  the  water  will  be 
discharged  from  the  lowest  bucket  about  -^th  of  the  diame- 
ter further  down.  Had  a  greater  proportion  of  the  buckets 
been  filled  with  water  when  they  were  under  the  spout,  tbe 
discharge  would  have  begun  at  a  greater  height  from  the 
bottom,  and  we  should  lose  a  greater  portion  of  the  whole 
fall  of  water.  The  loss  by  the  present  construction  is  less 
than  i^th,  (supposing  the  water  to  be  delivered  into  the  wheel 
at  the  very  top,)  and  may  be  estimated  at  about  ^V^l^  9  ^^^  ^^^ 
loss  is  the  versed  sine  of  the  angle  which  the  radius  of  the 
bucket  make  with  the  vertical.  The  versed  sine  of  35°  is 
nearly  -J-th  of  the  radius,  being  0. 16085  or  -^th  of  the  diame- 
ter. It  is  evident,  that  if  only  ^  or  this  water  were  supplied 
to  each  bucket  as  it  passes  the  spout,  it  would  have  been 
retaibed  for  10°  more  of  a  revolution,  and  the  loss  of  fall 
would  have  only  been  about  -^^th. 

These  observations  serve  to  show  in  general,  that  an  advan- 
tage is  gained  by  having  the  buckets  so  capacious  that  the 
quantity  of  water  which  each  can  receive  as  it  passes  tbe 
spout  niav  not  nearly  fill  it.  This  may  be  accomplished  by 
making  them  of  a  sufiicient  length,  that  is,  by  making  the 
wheel  sufliciently  broad  between  the  two  shroudings. 

Mr  Robert  Burns,  of  Cartside,  in  Renfrewshire,  has  made 
what  appeared  to  be  a  very  considerable  impi-ov^ment  in  the 
construction  of  the  bucket.  Tbe  principle  of  this  improve- 
ment consisted  in  dividing  the  bucket  by  a  partition  of  such 
a  height,  that  the  inner  and  outer  portions  of  the  bucket  on 
each  side  were  nearly  of  equal  capacity.  See  fig.  93.  The 
bucket  consisted  of  a  start  A  B,  an  arm  B  C,  and  a  wrest  C  D, 
Concentric  with  the  rim,  and  was  divided  by  the  partition  L  M, 
concentric  with  the  sole  and  rim.  If  these  buckets  be  filled 
one-third,  they  will  retain  the  whole  of  the  water  at  18%  and 
the  half  at  1 1°,  from  the  bottom.  These  advantages  how- 
ever were  found  to  be  counterbalanced  by  disadvantages ;  and 
Mr  Burns  did  never,  we  believe,  put  the  construction  in 
practice.  . 

The  velocity  of  an  overshot-wheel  is  a  matter  of  very  great 
nicety ;  and  authors,  both  speculative  and  practical,  have 
arrived  at  very  different  conclusions  respecting  it.     M.  Be- 
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lidor  very  strangely  maiBtaiDs,  that  there  is  a  certain  velocity 
related  to  that  obtainable  by  the  whole  fall,  which  will  pro- 
care  to  an  overshot-wbeel  the  greatest  performance.  Desa- 
gttUera,  Smeaton,  Lambert,  De  Parcieux,  and  others,  main* 
tain,  that  there  is  no  such  relation,  and  that  the  performance 
of  an  overshot-Wheel  will  be  the  greater,  as  it  moves  more 
slowly 'by  an  increase  of  its  load  of  work.  Belidor  again 
states,  that  the  active  power  of  water  lying  in  a  bucket-wheel  . 
of  any  diameter  is  equal  to  the  impulse  of  the  samo  water 
on  the  floats  of  an  undershot-wheel,  when,  the  water  issues 
from  a  sluice  in  the  bottom  of  the  dam.  The  other  writers 
whom  we  have  named  assert,  that  the  energy  of  an  under- 
shot-wheel is  but  one-half  of  that  of  an  overshot,  actuated  by 
the  same  quantity  of  water  falling  from  the  same  height. 
The  most  generally  received  opinion  is,  that  the  overshot- 
wbeel  does  the  more  work,  as  it  moves  slower;  and  the  fol- 
lowing is  the  reasoning  adduced  to  prove  it.  Suppose  that  a 
wheel  has  30  buckets,  and  that  six  cubic  feet  of  water  are 
delivered  in  a  second  on  the  top  of  the  wheel,  and  discharged, 
without  any  loss  by  the  way,  at  a  certain  height  from  the 
bottom  of  the  wheel.  Let  this  be  the  case,  whatever  is  the 
rate  of  the  wheel's  motion,  the  buckets  being  of  a  sufficient 
capacity  to  hold  all  the  water  which  falls  into  them.  Sup- 
pose this  wheel  employed  to  raise  a  weight  of  any  kind, 
water  for  instance,  in  a  chain  of  30  buckets,  to  the  same 
altitude  and  with  the  same  velocity.  Suppose,  further,  that 
when  the  load  on  the  rising  side  of  the  machine  is  one-half 
of  that  on  the  wheel,  the  wheel  makes  four  revolutions  in  a 
minute,  or  one  turn  in  15  seconds.  During  this  time  90  cubic 
feet  of  water  will  have  flowed  into  the  30  buckets,  and  each 
have  received  three  cubic  feet.  In  that  case  each  of  the  rising 
buckets  contains  1  i  feet ;  and  45  cubic  feet  are  delivered  into 
the  upper  cistern  during  one  turn  of  the  wheel,  and  180  cubic 
feet  in  one  minute. 

Now,  suppose  the  machine  so  loaded,  by  making  the  rising 
buckets  more  capacious,  that  it  makes  only  two  turns  in  a 
minute,  or  one  turn  in  30  seconds ;  then  each  descending 
bucket  must  contain  six  cubic  feet  of  water.  If  each  bucket 
on  the  rising  side  contained  three  cubic  feet,  the  motion  of 
the  machine  would  be  the  same  as  before.  This  is  a  point 
none  will  controvert.  When  two  pounds  are  suspended  to 
one  end  of  a  string  which  passes  over  a  pulley,  and  one  pound 
to  the  other  end,  the  velocity  of  descent  of  the  two  pound^ 
will  be  the  same  with  that  of  a  four  pound  weight,  which  is 
employed  in  the  same  manner  to  draw  up  two  pounds.     Our 
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machine  would  therefore  continue  to  make  four  turns  in  a 
minute,  and  would  deliver  90  cubic  feet  during  each  turn, 
and  360  in  a  minute.  But,  by  supposition,  it  is  making  only 
two  turns  in  a  minute ;  which  must  proceed  from  a  greater 
load  than  three  cubic  feet  of  rising  water  in  each  rising 
bucket.  The  machine  must,  therefore,  be  raising  mare  than 
90  feet  of  water  during  one  turn  of  the  wheel,  and  more  than 
180  in  a  minute. 

Thus  it  appears  that  if  the  machine  is  turning  twice  as  slow 
as  before,  there  is  more  than  twice  the  former  qtMntUy  in  the 
rising  buckets;  and  more  will  be  raised  in  a  minute  by  the 
same  expenditure  of  power.  In  like  manner,  if  the  machine 
go  three  times  as  slow,  there  must  be  more  than  three  times 
the  former  quantity  in  the  rising  buckets,  and  more  work  will 
be  done. 

But  further  we  may  assert,  that  the  more  we  retard  the  ma- 
chine to  a  certain  practical  extent,  by  loading  it  with  more 
work  of  a  similar  kind,  the  greater  will  be  its  performance ; 
and  the  truth  of  the  assertion  may  be  thus  demonstrated. 
Let  us  call  the  first  quantity  of  water  in  the  rising  bucket, 
Q, ;  the  water  raised  by  four  turns  in  a  minute  will  be  4  x  30 
X  Q  =  120  Q.  The  quantity  in  this  bucket,  when  the  ma- 
chine goes  twice  as  slow,  has  been  shown  to  be  greater  than 
2  Q;  call  it  2  Q  +  x;  the  water  raised  by  two  turns  in  a 
minute  will  then  be  2  X  30  x  (2  Q  +  a)  =  120  +  60  x. 
Suppose  next,  the  machine  to  go  four  times  as  slow,  making 
but  one  turn  in  a  minute ;  the  rising  bucket  must  now  con- 
tain more  than  twice  the  quantity  2  Q  -h  x,  or  more  than 
4  Q  +  2  05,  call  it  4  Q  +  2  a:  +  y.  The  work  done  by  one 
turn  in  a  minute  will  now  be  30  X  (4  Q  +  2  x  +  y)  =:  120 
Q  +  60  x  +  30  y.  By  such  an  induction  of  the  work  accom- 
plished, with. any  rates  of  motion  we  choose,  it  is  evident 
that  the  performance  of  the  machine  increases  with  every 
diminution  of  its  velocity  that  is  produced  by  the  mere  addi- 
tion of  a  similar  load  of  work,  or  that  it  does  the  more  work 
the  slower  it  goes.  This,  however,  is  abstracting  from  the 
effects  of  the  friction  upon  the  gudgeons  of  the  wheel,  a 
cause  of  resistance  which  increases  with  the  load,  though  not 
in  the  same  ratio. 

We  have  also  supposed  the  machine  to  be  in  its  state  of 
permanent  uniform  motion.  If  we  consider  it  only  in  the 
beginning  of  its  motion,  the  result  is  still  more  in  favour  of 
slow  motion  :  for,  at  the  firsraction  of  the  moving  power,  the 
inertia  of  the  machine  itself  consumes  part  of  it,  and  it  acquires 
its  permanent  velocity  by  degrees,  during  which  the  resist- 
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ances  arising  from  the  work,  friction,  &c.  increase,  till  they 
eiactly  balance  the  pressure  of  the  water ;  and  after  this  the 
machine  no  longer  accelerates.  Now,  the  greater  the  power 
and  the  resistance  arising  from  the  work  are,  in  proportion  to 
the  inertia  of  the  machine,  the  sooner,  it  is  obvious,  will  it  ar- 
rive at  its  state  of  permanent  velocity. 

The  preceding  discussion  only  demonstrates  in  general  the 
advantage  of  slow  motion;  but  does  not  point  out  in  any 
degree  the  relation  between  the  rate  of  motion  and  the  work 
performed,  nor  even  the  principles  on  which  it  depends.  But 
this  is  not  necessary  for  the  improvement  of  practical  me- 
chanics. It  is,  however,  manifest,  that  there  is  not,  in  the 
nature  of  things,  a  maximum  of  performance  attached  to  any 
particular  ra^e  of  motion  which  should,  on  that  account,  be 
preferred.  All,  therefore,  that  we  have  to  do,  is  to  load  the 
machine,  and  thus  to  diminish  its  speed,  unless  other  physical 
circumstances  throw  obstacles  in  the  way:  for  there  are  such 
obstacles,  as  in  all  machines  there  are  certain  inequalities  of 
action  that  are  unavoidable.  In  the  action  of  a  wheel  and 
pinion,  though  made  with  the  utmost  judgment  and  care, 
there  are  such  inequalities.  These  increase  by  the  changes 
of  form  occasioned  by  the  wearing  of  the  machine ;  and  much 
greater  irregularities  arise  from  the  subsultory  motions  of 
cranks, stampers,  and  other  parts  which  move  unequally  or  re- 
ciprocally. A  machine  may  be  so  loaded  as  just  to  be  in  equi- 
librio  with  its  work,  in  the  favourable  position  of  its  parts : 
and  when  this  changes  into  one  less  favourable,  the  machine 
may  stop,  or,  at  all  events,  hobble  and  work  unequally.  The 
nibbing  parts  thus  bear  long  on  each  other,  with  enormous 
pressures,  cut  deep  into  each  other,  and  increase  friction  : 
therefore  such  slow  motions  should  be  avoided.  A  little 
more  velocity  enables  the  machine  to  overcome  those  increas- 
ed resistances  by  its  inertia,  or  the  great  quantity  of  motion 
inherent  in  it.  Great  machines  possess  this  advantage  in  a 
superior  degree,  and,  consequently,  will  work  steadily  with  a 
smaller  velocity. 

Mr  Smeaton,  in  his  Experimental  Inquiry,  previous  to 
examining  into  the  power  and  application  of  water,  when 
acting  by  its  gravity  on  overahot-wheds,  says,  '^  In  reasoning 
without  experiment,  one  might  be  led  to  imagine,  that  how- 
ever different  the  mode  of  application  is,  yet  that  whenever 
the  same  quantity  of  water  descends  through  the  same  per- 
pendicular space,  that  the  natural  effective  power  would  be 
equal,  supposing  the  machinery  free  from  friction,  equally 
emulated  to  receive  the  full  effect  of  the  power,  and  to  make 
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the  most  of  it :  for  if  we  suppose  the  height  of  a  columo  of 
water  to  be  30  inches,  and  resting  upon  a  base  or  aperture 
one  inch  square,  every  cubic  inch  of  water  that  departs  there- 
from will  acquire  the  same  velocity  or  momentum,  from  the 
uniform  pressure  of  30  inches  above  it,  that  one  cubic  inch 
let  fall  from  the  top  will  acquire  in  falling  down  to  the  level 
of  the  aperture  :  one  would  therefore  suppose,  that  a  cubic 
inch  of  water,  let  fall  through  a  space  of  30  inches,  and  there 
impinging  upon  another  body,  would  be  capable  of  producing 
an  equal  effect  by  collision,  as  if  the  same  cubic  inch  bad 
descended  through  the  same  space  with  a  slower  motion,  and 
produced  its  effects  gradually.  But  however  conclusive  thia 
reasoning  may  seem,  it  will  appear,  in  the  course  of  the 
following  deductions,  that  the  effect  of  the  gravity  of  descend- 
ing bodies  is  very  different  from  the  effect  of  stroke  of  such 
as  are  non-doHic,  though  generated  by  an  equal  mechanical 
power." 

When  Mr  Smeaton  had  finished  his  experiments  on  uoder^ 
shot  mills,  he  reduced  the  number  of  floats  on  the  wheel, 
which  were  originally  24,  to  12 ;  which  caused  adiminotioa 
in  the  effect,  on  account  of  a  greater  quantity  of  water  escap- 
ing between  the  floats  and  the  floor :  but  a  circular  sweep  be- 
ing adapted  thereto,  of  such  a  length,  that  one  float  entered 
the  curve  before  the  preceding  one  quitted  it,  the  efiect  came 
so  near  that  of  the  former,  as  not  to  give  any  hopes  of  ad- 
vancing it  by  increasing  the  number  of  floats  beyond  24  in 
this  particular  wheel. 

In  these  experiments  the  head  was  six  inches,  and  the  height 
of  the  wheel  24  inches,  so  that  the  whole  descent  was  30 
inches  :  the  quantity  of  water  expended  in  a  minute  was  96| 
pounds,  which,  multiplied  by  30  inches,  gives  the  power  = 
2900.  After  making  the  proper  calculations,  the  effect  was 
computed  at  1 9 14 ;  the  ratio  therefore  of  the  power  and  ^ed 
will  be  as  2900 :  1914,  or  as  10:  6.6,  or  as  3  to  2  nearly.  But 
if  wc  compute  the  power  from  the  height  of  the  wheel  only,  we 
shall  have  96|  pounds,  multiplied  by  24  inches  =  2320  for  the 
poto^r,  and  this  will  be  to  the  effect  as  2320: 1914,  or  as 
10  :  82,  or  as  5  to  4  nearly. 

From  another  set  of  experiments  the  following  conclusions 
were  deduced : 

1 .  The  effective  power  of  the  water  must  be  reckoned 
upon  the  whole  descent,  because  it  must  be  raised  that 
height  in  order  to  produce  the  same  effect  a  second  time. 
The  ratios  between  the  powers  so  estimated,  and  the  effects 
at  the  maximum^  differ  nearly  from  that  of  10  to  7.6,  to  that 
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of  10  to  5.29  that  is  nearly  from  4.3  to  4.2.  In  those  expe- 
riments  where  the  heads  of  water  and  quantities  expended 
are  least,  the  proportion  is  nearly  as  4  to  3 ;  but  where  the 
heads  and  quantities  are  greatest,  it  approaches  nearer  to 
that  of  4  to  2 ;  and  by  a  medium  of  the  whole,  the  ratio  is 
that  of  3  to  2  nearly.  Hence  it  appears,  that  the  effect  of 
overshot-wheels  is  nearly  double  to  that  of  the  undershot, 
and,  by  consequence,  that  non-elastic  bodies,  when  acting 
by  their  impulse  or  collision,  communicate  only  a  part  of 
their  original  power,  the  remainder  being  spent  in  changing 
their  figure  in  consequence  of  the  stroke.  The  ultimate 
eonchision  is,  that  the  effects,  as  well  as  the  powers,  are  as 
the  quantities  of  water  and  perpendicular  heights  multiplied 
together  respectively. 

2.  By  increasing  the  head  from  3  to  1 1  inches,  that  is,  the 
whole  descent  from  27  inches  to  35,  or  in  the  ratio  of  7  to  9 
nearly,  the  effect  is  advanced  no  more  than  in  the  ratio  of  8.1 
to  8.4,  that  is,  as  7  to  7.26 ;  and  consequently  the  increase 
of  effect  is  not  one-seventh  of  the  increase  of  perpendicular 
height.  Hence  it  follows,  that  the  higher  the  wheel  is  in 
proportion  to  the  whole  descent,  the  greater  will  be  the  effect; 
because  it  depends  less  upon  the  impulse  of  the  head,  and 
more  upon  the  gravity  of  the  water  in  the  buckets:  and  if 
we  consider  how  obliquely  the  water  issuing  from  the  head 
must  strike  the  buckets,  we  shall  not  be  at  a  loss  to  account 
for  the  little  advantage  that  arises  from  the  impulse  thereof, 
and  shall  immediately  see  of  how  little  consequence  this  im- 

1  raise  is  to  the  effect  of  an  overshot-wheel.  This,  however, 
ike  other  things,  is  subject  to  limitation,  for  it  is  desirable 
that  the  water  should  have  somewhat  greater  velocity  than 
the  circumference  of  the  wheel,  in  coming  thereon ;  other- 
wise the  wheel  will  not  only  be  retarded  by  the  buckets 
striking  the  water,  but  a  portion  of  the  power  will  be  lost 
by  the  water  dashing  over  the  buckets. 

3.  To  determine  the  velocity  which  the  circumference  of 
the  wheel  ought  to  have  in  order  to  produce  the  greatest 
effect,  Mr  Smeaton  observes,  that  the  slower  a  body  descends, 
the  greater  will  be  the  portion  of  the  action  of  gravity  appli- 
cable to  the  producing  a  mechanical  effect,  and,  in  conse* 
quence,  the  greater  will  be  the  effect.  If  a  stream  of  water 
mils  into  the  bucket  of  an  overshot-wheel,  it  is  there  retained 
till  the  wheel  by  moving  round  discharges  it,  and  consequently 
the  slower  the  wheel  moves,  the  more  water  each  bucket 
will  receive :  so  that  what  is  lost  in  speed,  is  gained  by  the 
pressare  of  a  greater  quantity  of  water  acting  in  the  buckets 
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at  oDce.  From  tbe  experiments,  bowever,  it  appeared,  that 
when  the  wheel  made  about  20  turns  in  a  minute,  the  effect 
was  near  upon  the  greatest.  When  it  made  30  turns,  the 
eflect  was  diminished  about  ^^^th  part;  and  that  when  it 
made  40,  it  was  diminished  about  i ;  when  it  made  less  thaa 
18i,  its  motion  was  irregular;  and  when  it  was  loaded  so  as 
not  to  admit  its  making  18  turns,  the  wheel  was  overpowered 
by  its  load.  It  is  an  advantage  in  practice,  that  the  velocity 
of  the  wheel  should  not  be  diminished  further  than  will  pro- 
cure some  solid  advantage  in  point  of  power,  because  cateris 
paribus,  as  the  motion  is  slower,  the  buckets  must  be  made 
larger,  and  the  wheel  being  more  loaded  with  water,  the 
stress  upon  every  part  of  the  work  will  be  increased  in  pro- 
portion. The  best  velocity  for  practice,  therefore,  will  be 
such,  as  when  the  wheel  made  30  turns  in  a  minute,  that  is, 
when  the  velocity  of  the  circumference  is  a  little  more  than 
three  feet  in  a  second.  Experience  confirms  that  this  velo- 
city of  three  feet  in  a  second  is  applicable  to  the  highest 
overshot- wheels,  as  well  as  the  lowest ;  and  all  other  parts  of 
the  work  being  properly  adapted  thereto,  will  produce  very 
nearly  the  greatest  eifect  possible ;  it  is  also  determined  by 
experience,  that  high  wheels  may  deviate  further  from  this 
rule,  before  they  will  lose  their  power,  by  a  given  aliquot 
part  of  the  whole,  than  low  ones  can  be  admitted  to  do.  For 
a  wheel  of  24  feet  high  may  move  at  the  rate  of  six  feet  per 
second  without  losing  any  part  of  its  power ;  and,  on  tbe 
other  hand,  the  author  had  seen  a  wheel  33  feet  high  that 
moved  very  steadily  and  well,  with  a  velocity  but  little  ex- 
ceeding two  feet.  The  reason  of  the  superior  velocity  of 
the  24  feet  wheel  seems  to  have  been  owing  to  the  small 
proportion  that  the  head,  requisite  to  give  the  water  the 
proper  velocity  of  the  wheel,  bears  to  the  whole  height. 

4.  The  maximum  load  of  an  overshot-wheol,  is  that  which 
reduces  the  circumferences  of  the  wheel  to  its  proper  velo- 
city ;  which  will  be  known  by  dividing  the  effect  it  ought  to 
produce  in  a  given  time,  by  the  space  intended  to  be  de- 
scribed by  the  circumference  of  the  wheel  in  the  same  time ; 
the  quotient  will  be  the  resistance  overcome  at  the  circum- 
ference of  the  wheel,  and  is  equal  to  the  load  required,  Ike 
friction  and  resistance  of  the  machinery  included. 

5.  The  greatest  velocity  of  which  the  circumference  of  an 
overshot-wheel  is  capable,  depends  jointly  upon  the  diameter 
of  the  height  of  the  wheel,  and  the  velocity  of  falling  bo- 
dies; for  it  is  plain  that  the  velocity  of  the  circHmfereivce 
can  never  be  greater  than  to  describe  «  semi-circumference. 
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while  a  body  let  fall  from  the  top  of  the  wheel  will  descend 
through  its  diameter;  nor  even  quite  so  great,  as  a  body 
descending  through  the  same  perpendicular  space  cannot 
perform  the  same  in  so  small  a  time  when  passing  through  a 
semi-circle  as  would  be  done  in  a  perpendicular  line.  Thus, 
if  a  wheel  is  16  feet  one  inch  in  diameter,  a  body  will  fall 
through  it  in  one  second :  this  wheel  therefore  can  never 
arrive  at  a  velocity  equal  to  the  making  one  turn  in  two 
seconds ;  but,  in  reality,  an  overshot-wheel  can  never  come 
near  this  velocity ;  for  when  it  acquires  a  certain  speed,  the 
greatest  part  of  the  water  is  prevented  from  entering  the 
buckets,  and  the  rest,  at  a  certain  point  of  its  descent,  is 
thrown  out  again  by  the  centrifugal  force.  As  these  cir- 
cumstances depend  chiefly  upon  the  form  of  the  buckets, 
the  utmost  velocity  of  overshot-wheels  cannot  be  generally 
determined;  and,  indeed,  it  is  the  less  necessary  in  practice, 
as  it  is  in  this  circumstance  incapable  of  producing  any 
mechanical  effect. 

6.  The  greatest  load  an  overshot-wheel  will  overcome, 
considered  abstractedly,  is  unlimited  or  infinite ;  for  as  the 
backets  may  be  of  any  given  capacity,  the  more  the  wheel  is 
loaded,  the  slower  it  turns,  but  the  slower  it  turns,  the  more 
will  the  buckets  be  filled  with  water ;  and,  consequently, 
though  the  diameter  of  the  wheel  and  quantity  of  water  ex- 
pended are  both  limited,  yet  no  resistance  can  be  assigned, 
which  it  is  not  able  to  overcome ;  but  in  practice  we  always 
meet  with  something  that  prevents  our  getting  into  infi- 
nitesimals. For  when  we  really  go  to  work  to  build  a  wheel, 
the  buckets  must  necessarily  be  of  some  given  capacity,  and 
consequently  such  a  resistance  will  stop  the  wheel,  as  it  is 
equal  to  the  effort  of  all  the  buckets  in  one  semi-circumfe- 
rence filled  with  water.  The  structure  of  the  buckets  being 
given,  the  quantity  of  this  efibrt  may  be  assigned,  but  is  not 
of  much  consequence  in  practice,  as  in  this  case  also  the 
wheel  loses  its  power ;  for  though  here  is  the  exertion  of 
gravity  upon  a  given  quantity  of  water,  yet  being  prevented 
by  a  counterbalance  from  moving,  is  capable  of  producing 
no  mechanical  effect,  according  to  our  definition.  But,  in 
reality,  an  overshot-wheel  generally  ceases  to  be  useful  be- 
fore it  is  loaded  to  that  pitch  ;  for  when  it  meets  with  such  a 
resistance  as  to  diminish  its  velocity  to  a  certain  degree,  its 
motion  becomes  irregular;  yet  this  never  happens  till  the 
velocity  of  the  circumference  is  less  than  two  feet  per  second, 
where  the  resistance  is  equable. 
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Tbe  reader  having  now  become  acquainted  with  the  Tal- 
uable  course  of  experiments  made  by  Mr  Smeaton,  we  shall 
next  offer  to  his  notice  a  few  remarks  upon  the  best  mode  of 
delivering  water  upon  an  overshot- wheel. 

In  wheels  of  this  construction,  it  has  been,  and  still  is,  the 
common  practice,  to  allow  the  water  to  flow  into  the  buckets 
at  the  highest  point  of  the  wheel ;  but  this  system  is  de- 
cidedly bad ;  for  the  centre  of  gravity  of  the  upper  bucket 
is  direct  over  the  axle  of  the  wheel,  and,  consequently,  any 
water  poured  into  that  bucket  will,  instead  of  creating  a  rota- 
tory motion,  cause  a  greater  pressure  upon  the  pivots  of  the 
axle.  The  greatest  advantage  would  be  obtained  by  causing 
the  water  to  fall  upon  the  wheel,  at  an  angle  of  42i  or  45 
degrees,  as  then  the  power  of  the  wheel  will  be  augmented 
by  the  increased  leverage.  In  constructing  wheels  upon  this 
principle,  however,  great  care  must  be  taken  to  allow  a  suflS- 
ciency  of  room  in  buckets  for  the  escape  of  air,  otherwise 
the  wheel  will  not  act.  The  same  observation  is  also  appli- 
cable to  breast-wheels ;  for  we  were  once  present,  and  wit- 
nessed an  instance  of  this  kind,  at  the  first  starting  of  a 
breast-wheel,  in  which  the  millwright,  in  order  to  obtain  the 
greatest  possible  effect,  had  made  the  back-boards  to  fit  so 
tight  that  no  water  or  air  could  escape ;  the  consequence  of 
which  was,  the  necessity  of  reducing  the  whole  of  the  back- 
boards, to  allow  air  enough  to  escape  for  the  water  to  act 
freely  upon  the  floats. 

BURNS'S    OYEKSHOT-WHEEL    WITHOUT   A    SHAFT. 

This  ingenious  machine  was  invented  and  erected  by  the 
late  Mr  Burns,  whose  mechanical  ingenuity  we  have  already 
had  occasion  to  admire.  It  is  represented  in  two  different 
sections,  in  figs.  95  and  96,  and  forms  a  large  hollow  cylin- 
der by  its  buckets  and  sole,  without  having  any  shaft  or  axle- 
tree. 

This  wheel  is  12i  feet  diameter,  and  seven  feet  broad  over 
all,  and  has  28  buckets.  The  gudgeon  is  six  inches  diameter, 
by  9  inches  long.  The  flaunch  is  li  inch  thick  at  the  ex- 
tr^eme  points.  The  arms  are  of  redwood  fir,  6  inches  square; 
one  piece  making  two  arms  in  length,  where  they  cross  one 
another  at  the  wheel's  centre,  M  inch  of  the  wood  remaining 
in  each,  connecting  the  two  opposite  arms  as  one  piece.  The 
wheels  were  made  by  first  fitting  the  gudgeon  into  a  large 
piece  of  hard  wood,  with  the  flaunch  parallel  to  the  horizon, 
and  in  that  position  the  arms  and  rings  were  trained  and 
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bound  fast  to  it.  All  the  grooves  for  starts  or  raisers,  and 
buckets,  were  cut  out  before  it  was  removed;  first  one  piece 
was  bolted  to  the  flaunch  at  a  a,  and  so  of  the  others,  leaving 
the  distant  openings  for  the  cross  bars  that  reach  between  each 
arm  and  its  opposite  arm.  These  bars  or  pieces  were  only 
4  inches  square,  and  were  of  good  beech  wood,  turned  round 
in  the  body.  They  were  10  inches  square  at  each  end,  in 
which  was  fitted  a  strong  nut  for  a  bolt,  H  inch  thick,  to  go 
through  6,  and  connect  the  two  sides  together. 

After  the  arms  were  trained  and  fixed  right  upon  the  gud- 
geons, the  innermost  ring  was  completed ;  the  tenons  were 
trained  on  the  arms  first,  and  the  rings  4i  inches  thick  and  8 
inches  deep,  put  on  by  keys  driven  into  the  mortice.  The 
remaining  tenons  were  then  reduced  from  1  i  to  1  inch  thick, 
and  the  outermost  ring,  only  3  inches  thick  by  6  inches  deep, 
was  firmly  wedged  thereon,  and  bound  fast  at  the  other  ends 
by  three  strong  wooden  pins,  as  at  CvC ;  to  the  lower  ring, 
the  outside  of  the  uppermost  and  undermost  rings  are  flush, 
all  the  additional  thickness  of  the  lower  ring  projecting  in- 
side the  buckets. 

Some  difiiculty  was  found  in  laying  the  water  properly  into 
the  buckets  of  this  wheel,  owing  to  the  narrowness  of  the 
mouths  of  the  buckets,  by  the  high  start  or  raiser,  which  was 
remedied  by  adopting  the  following  plan. 

The  openings  in  the  bottom  of  the  troughing  should  be  of 
iron,  and  so  distant  from  each  other  that  the  water  from  them 
is  thrown  into  two  separate  buckets.  The  iron  curved  parts 
should  also  be  movable,  to  adjust  the  openings  to  the  quantity 
of  water  necessary  for  the  wheel.  Unless  the  head  of  water 
is  12  or  14  inches  above  these  openings,  it  will  be  difficult  to 
give  it  the  proper  direction  into  the  buckets,  especially  ifthe 
openings  are  pretty  wide  for  them;  for  then  it  deviates  the 
more  down  from  the  line  of  direction,  and  tends  to  retard  the 
wheel,  by  striking  on  the  outside  of  the  bucket. 

The  openings  from  which  the  buckets  are  filled,  ought  to 
be  10  inches  less  in  length  than  the  buckets,  i.  e.  five  inches 
at  each  side,  otherwise  the  water  is  apt  to  jerk  over  on  each 
side  of  the  wheel,  as  the  edges  of  the  bucket  pass  by. 

The  mode  of  making  and  finishing  the  wheel  at  Cartside  re- 
quires very  little  workmanship,  com  pared  to  the  usual  method ; 
and  any  good  joiner  will  do  it  as  well  as  a  millwright.  The 
joiner  finished  Cartside  wheel  in  six  or  seven  weeks.  The 
construction  will  be  better  understood  from  the  following  re- 
ference to  the  figures. 

Fig.  95  represents  three  distinct  transverse  views.  The  part 
marked  A  supposes  a  part  of  the  shrouding  in  section,  showing 
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the  pins ;  the  part  marked  B  is  a  section  of  the  wheel  through 
any  part  of  the  buckets,  and  showing  three  of  the  ties,  1, 2, 3, 
in  section.  Part  D  shows  the  manner  in  which  the  exterior 
ends  of  the  wheel  are  finished,  also  the  gudgeons,  flaunch,  &c. 
Fig.  96  is  a  longitudinal  section  of  the  wheel  through  one 
of  the  arms,  showing  the  projection  of  the  shrouding,  the 
manner  in  which  the  arms  of  the  wheel  are  connected  to- 
gether, and  likewise  the  manner  in  which  the  ties  are  con- 
nected to  the  gudgeon. 

CHAIN  OF  BUCKETS. 

This  is  applicable  in  many  situations  where  there  is  a  con^ 
siderable  fall  of  water.  This  sketch  was  taken  from  one  in 
Scotland  used  to  give  motion  to  a  thrashing  mill :  the  fig.  97 
is  so  obvious  as  to  need  little  explanation.  The  buckets  C, 
D,  6,  H,  &c.  must  be  connected  by  several  chains  to  avoid 
the  danger  of  breaking,  and  united  into  an  endless  chain, 
which  is  extended  over  two  wheels  A  and  B,  the  upper  one 
being  the  axis  which  is  to  communicate  motion  to  the  mill- 
work  ;  E  is  the  spout  to  supply  the  water.  The  principal 
advantage  of  this  plan  is,  that  no  water  is  lost  by  running  out 
of  the  buckets  before  they  arrive  at  the  lowest  part,  as  is  the 
case  with  the  wheel.  Another  is,  that  the  buckets  being  sus- 
pended over  the  wheel  A  of  small  diameter,  it  may  be  made 
to  revolve  more  quickly  than  a  wheel  of  large  diameter,  and 
without  increasing  the  velocity  of  the  descending  buckets  be- 
yond what  is  proper  for  them.  This  saves  wheel-work  when 
the  machine  is  to  be  employed,  as  in  a  thrashing  machine,  to 
produce  a  rapid  motion.-  On  the  other  hand,  the  friction  of 
the  chain  in  folding  over  the  wheel  at  the  top,  and  seizing 
its  cogs,  will  be  very  considerable  ;  these  cogs  must  enter  the 
spaces  in  the  open  links  between  the  buckets,  to  prevent  the 
chain  slipping  upon  the  upper  wheel.  We  think  this  niachine 
might  be  much  improved  by  contriving  it  so  that  the  chain 
would  pass  through  the  centre  of  gravity  of  each  bucket, 
whereas  in  the  present  form,  the  weight  of  each  bucket  tends 
to  give  the  chain  an  extra  bend. 

The  chain-pump  reversed,  has  been  proposed  as  a  substitute 
for  a  water-wheel  when  the  fall  is  very  great,  and  we  think 
it  would  answer  the  purpose  with  some  chance  of  success. 
It  would  have  an  advantage  over  the  chain-pump'^when  em- 
ployed for  raising  water,  in  the  facility  of  applying  cup 
leathers  to  the  pistons  on  the  chain,  in  the  same  way  as  other 
pumps,  which  leathers  expand  themselves  to  the  inside  of 
the  barrel,  and  are  kept  perfectly  tight  by  the  pressure  of 
the   water.      In  the  chain-pump  such  leathers  cannot  be 
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employed,  because  the  edges  of  the  leather  cups  would  tura 
down  and  stop  the  motion,  when  the  cups  were  drawn  up- 
wards  into  the  barrel.  It  is  the  defective  mode  of  leathering 
the  pistons  of  the  chain-pump  which  occasions  its  great  fric- 
tion. In  the  motion  of  a  machine  of  this  kind,  the  pistons 
would  descend  into  the  barrel,  and  might  therefore  be  lea- 
thered with  cups  like  other  pumps,  so  as  to  be  quite  tight 
without  immoderate  friction.  This  machine  was  proposed  by 
a  Mr  Cooper  in  1784,  who  obtained  a  patent  for  it,  and  Dr 
Robison  has  again  proposed  it  with  recommendation. 

BREAST-WHEELS. 

The  breast-wheel  partakes  of  the  nature  both  of  an  overshot 
and  an  undershot:  it  is  driven  partly  by  impulse,  but  chiefly 
by  the  weight  of  water.  The  lower  part  of  the  wheel  is  sur- 
rounded by  a  curved  wall  or  sweep  of  masonry,  which  is  made 
concentric  with  the  wheel,  and  the  float-boards  of  the  wheel 
are  exactly  adapted  to  the  masonry,  so  as  to  pass  as  near  as 
possible  thereto  without  touching  it ;  and  the  side  walls  are 
in  like  manner  adapted  to  the  end  of  the  float-boards  or  sides 
of  the  wheel,  the  intention  being  to  let  the  least  possible  quan- 
tity of  water  pass  without  causing  the  float-boards  to  move 
before  it.  In  fig.  98,  the  water  is  poured  upon  the  top  of  the 
wheel  over  the  breasting  at  I,  the  efllux  from  the  mill-dam  K 
being  regulated  by  the  sluice  or  shuttle  M,  which  is  placed 
in  the  direction  of  a  tangent  to  the  wheel,  and  is  provided 
with  the  rack  R,  and  pinion  P,  by  which  it  can  be  drawn  up 
so  as  to  make  any  required  degree  of  l>pening,  and  admit 
more  or  less  water  to  flow  on  the  wheel. 

The  water  first  strikes  on  the  float,  and  urges  it  by  its  im- 
pulse ;  but  when  the  floats  descend  into  the  sweep,  they  form 
as  it  were  close  buckets,  each  of  which  will  contain  a  given 
quantity  of  water,  and  the  water  cannot  escape  from  these 
backets  except  the  wheel  moves,  at  least  this  is  the  intention, 
and  the  wheel  is  fitted  as  close  as  it  can  be  to  the  race  with 
that  view.  Each  of  the  portions  of  water  contained  in  these 
spaces  bears  partly  upon  the  wall  of  the  sweep,  and  partly 
upon  the  floats  of  the  wheel ;  and  its  pressure  upon  the  floats, 
if  not  exceeded  by  the  resistance,  will  cause  the  wheel  to 
move;  hence  the  action  upon  all  the  floats  which  are  within 
the  sweep  of  the  breasting  is  by  the  weight  of  the  water  alone ; 
but  the  water  is  made  to  impinge  upon  the  first  float-board 
with  some  velocity,  because  the  surface  of  the  water  in  the 
dam  K  is  raised  considerably  above  the  orifice  beneath  tiie 
shuttle  where  the  water  issues. 
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The  upi>er  part  of  the  fall  at  I  is  rounded  off  to  a  segment 
of  a  circle,  called  the  crown  of  the  fall,  and  the  water  runs 
over  it.  The  lower  edge  of  the  shuttle  when  put  down  is 
made  to  fit  this  curve,  so  as  to  make  a  tight  joint ;  and  in 
consequence,  when  the  shuttle  is  drawn  up,  the  water  will 
run  between  its  lower  edge  and  the  crown  in  a  sheet  or  stream 
which  strikes  upon  the  first  float  that  presents  itself,  nearly  in 
a  direction  perpendicular  to  the  plane  of  the  float-board,  or 
of  a  tangent  to  the  wheel.  The  float-boards  of  the  wheel 
are  directed  to  the  centre,  but  there  are  other  boards  placed 
obliquely  which  extend  from  one  float-board  to  the  rim  of  the 
wheel,  and  nearly  fill  the  space  between  one  float-board  and 
the  next.  These  are  called  rising-boards,  and  the  use  of 
them  is  to  prevent  the  water  flowing  over  the  float-board  into 
the  interior  of  the  wheel ;  but  the  edges  of  these  boards  are 
not  continued  so  far  as  to  join  to  the  back  of  the  next  float, 
because  that  would  make  all  the  boards  of  the  wheel  close, 
and  prevent  the  free  escape  of  the  air  when  the  water  enter- 
ed into  the  space  between  the  floats. 

As  the  water  strikes  with  some  force,  the  rising-boards  are 
very  necessary  to  prevent  the  water  from  dashing  over  the 
float-boards  into  the  interior  of  the  wheel. 

This  is  the  form  of  breast-wheel  employed  by  Mr  Smeaton 
in  the  great  number  of  mills  which  he  constructed  ;  but  al- 
though he  speaks  of  the  impulse  of  the  water  striking  the 
wheel,  he  always  endeavoured  to  make  the  top  of  the  breast- 
ing, or  crown  of  the  fall,  as  high  as  possible ;  so  as  to  attain 
the  greatest  fall  and  the  least  of  the  impulsive  action.  All 
rivers  and  streams  of  water  are  subject  to  variation  in  height 
from  floods  or  dry  seasons,  and  in  some  this  is  very  consider- 
able :  it  was  therefore  necessary  to  make  the  crown  I  of  the 
fall,  at  such  a  height  as  that,  in  the  lowest  state  of  the  water 
R,  it  would  run  over  the  crown  in  a  sheet  of  three  or  four 
inches  in  thickness,  and  work  the  wheel.  When  the  water 
rose  higher  in  the  mill-dam,  it  would  then  have  a  pressure  to 
force  it  through,  and  in  that  case  would  strike  the  wheel  so 
as  to  impel  it  by  the  velocity. 

Mr  Smeaton  was  well  aware  that  the  power  communicated 
by  this  impulse  was  very  small.  In  some  cases,  where  the 
water  was  very  subject  to  variation,  he  used  a  false  or  mova- 
ble crown,  that  is,  a  piece  of  wood  which  fltted  to  the  crown 
I,  and  raised  the  surface  thereof  a  foot  or  more,  so  as  to  ob- 
tain the  greatest  fall  when  the  water  stood  at  a  mean  height ; 
but  when  the  water  sunk  too  low  to  run  over  this  movable 
crown,  it  could  be  drawn  up  to  admit  the  water  beneath  it. 
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This  effect  has  since  been  produced  in  a  more  perfect  manner 
by  making  the  crown  of  the  fall  a  movable  shuttle,  to  rise  and 
fall  according  to  the  height  of  the  water  in  the  mill-dam,  by 
which  means  the  inconvenience  before-mentioned  is  avoided. 

1HPR0TED  BRGAST-WHEEL,  IN  WHICH  THE  WATER  RUNS  OVER 
THE  SHUTTLE. 

Fig.  110  is  a  section  of  one  of  this  kind.  A  is  the  water 
which  is  made  to  flow  upon  the  float-board  B,  and  urges 
the  wheel  by  its  weight  only,  the  water  being  prevented 
from  escaping  or  flowmg  ofi'the  float-boards  by  the  breast 
or  sweep  D  D,  and  the  side-walls  which  enclose  the  floats  of 
the  wheel.  The  upper  part  of  the  breast  D  D  is  made  by  a 
cast-iron  plate,  curved  to  the  proper  sweep  to  line  with  the 
stone  work.  On  the  back  of  the  cast-iron  plate  the  moving 
shuttle  e  is  applied  ;  it  fits  close  to  the  cast-iron,  so  as  to  pre- 
vent the  water  from  leaking  between  them,  and  the  water 
fans  over  its  upper  edge.  F  is  an  iron  groove  or  channel 
let  into  the  masonry  of  the  side-walls,  and  in  these  the  ends 
of  the  sliding  shuttle  are  received  :/is  an  iron  rack,  which 
is  applied  at  the  back  of  the  shuttle,  and  ascends  above  the 
water-line  where  the  pinion  g  is  applied  to  it  to  raise  or 
lower  the  shuttle.  The  axis  of  the  pinion  is  supported  in  a 
frame  of  wood  1 1;  6  H  is  a  toothed  sector  and  balance-weight, 
which  bears  the  shuttle  upwards,  or  it  misht  otherwise  fait 
down  by  its  own  weight,  and  put  the  mill  in  motion  when 
not  intended.  6  is  a  strong  planking,  which  is  fixed  across 
between  the  two  side-walls,  and  retains  the  water  when  it 
rises  very  high,  as  in  time  of  floods ;  but  in  common  times 
the  water  rises  only  a  few  inches  above  the  lower  edge  of  the 
planking.  When  the  shuttle  is  drawn  up  to  touch  this  tower 
edge,  the  water  cannot  escape ;  but  when  the  shuttle  is  lower- 
ed down,  it  opens  a  space  e,  through  which  the  water  flows 
upon  the  float-boards  of  the  wheel. 

Fig.  Ill  is  a  section  of  the  most  improved  form  for  a 
breast-wheel,  taken  from  the  Royal  Armoury  Mills  at  Enfield 
Lock,  erected  by  Messrs  Lloyd  and  Ostel.  The  general 
description  of  this  is  like  the  former,  but  it  is  constructed  in 
a  better  manner,  and  unites  strength  with  durability.  The 
breast  of  masonry  is  sdrmounted  by  a  cast-iron  plate  A, 
2|  feet  high,  which  is  let  into  the  masonry  of  the  side-walls 
at  each  end,  and  the  lower  part  is  formed  with  a  flanch,  by 
which  it  is  bolted  to  the  stone  breast  at  top.  This  plate  is 
made  straight  at  the  back  for  the  shuttle  B  to  lie  against, 
and  it  slides  apand  down.  The  ends  of  the  gate  are  guided 
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by  iron  groove  pieces  or  channels  which  are  let  into  tbe 
stone-work  of  the  side-walls,  and  being  made  wedge- like, 
they  fix  the  ends  of  the  cast-iron  breast  fast  in  its  place. 
The  grooves  are  not  upright,  but  inclined  to  the  perpendicu- 
lar so  much,  that  the  plane  of  the  gate  is  at  right  angles  to 
a  radiusof  the  wheel  drawn  through  the  point  where  tbe  water 
falls  upon  the  wheel.  D  is  a  strong  plank  of  wood,  extended 
between  the  iron  grooves  just  over  the  shuttle.  When  the 
shuttle  is  drawn  up  it  comes  in  contact  with  the  lower  side  of 
this  piece  of  wood,  and  stops  the  water ;  but  the  piece  D  is 
fixed  at  such  a  height,  that  the  water  will  run  clear  beneath 
it,  unless  its  surface  rises  above  its  mean  height. 

The  float-boards  of  the  wheel  do  not  point  to  the  centre  of 
the  wheel,  but  are  so  much  inclined  thereto  that  they  are 
exactly  horizontal  at  the  point  where  the  water  first  flows 
upon  them.  In  this  way,  the  gravity  of  the  water  has  its  full 
efiect  upon  the  wheel,  and  the  boards  rise  up  out  of  the  tail- 
water  in  a  much  better  position  than  if  they  pointed  to  the 
centre  of  the  wheel;  this  is  more  particularly  observable 
when  the  wheel  is  flooded  by  tail-water  penned  up  in  the 
lower  part  of  the  race,  so  that  it  cannot  run  freely  away  from 
the  wheel.  The  dimensions  of  this  wheel  are  as  follows: 
diameter  18  feet  to  the  points  of  the  floats,  and  14  feet 
wide;  the  float-boards  are  40  in  number,  each  16  inches 
wide,  and  each  rising-board  1 1  inches  wide.  The  wheel  is 
formed  of  four  cast-iron  circles  or  wheels,  each  14  feet  8 
inches  diameter,  placed  at  equal  distances  upon  the  central 
axis,  which  is  14  feet  8  inches  long  between  the  necks  or 
bearings,  and  9  inches  square;  the  bearing-necks  are  9| 
inches  diameter.  The  wheel  is  calculated  to  make  four  revo- 
lutions per  minute,  which  gives  near  S^  feet  per  second  for 
the  velocity  with  which  the  float-boards  move.  The  fall  of 
water  is  six  feet,  and  the  power  of  the  wheel,  when  the 
shuttle  is  drawn  down  one  foot  perpendicular,  equal  to 
28-horse  power. 

BREAST-WHEEL  WITH  TWO  SHUTTLES. 

In  this  wheel  the  piece  of  wood  marked  D  in  the  last 
figure,  is  fitted  into  the  groove  of  the  shuttle,  and  is  provided 
with  racks  and  pinions  to  slide  up  and  down,  independently  of 
the  lower  shuttle.  This  enables  the  lower  shuttle  to  rise  and 
fall,  according  to  the  height  of  the  water,  so  that  the  water  shall 
always  run  over  the  top  of  it,  in  the  proper  quantity  to  work 
the  mill  with  its  required  velocity,  whilst  the  upper  shuttle  is 
only  used  to  stop  the  mill  by  shutting  it  down  upon  the 
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lower  shuttle,  and  preventing  the  water  from  running  over  it. 
This  plan  is  used  when  the  mill  is  to  be  regulated  by  a  go- 
vernor, or  machine  to  govern  its  velocity ;  in  that  case  the 
governoi[  is  made  to  operate  upon  the  lower  shuttle,  and  will 
raise  it  up,  or  lower  it  down,  according  as  the  mill  takes  too 
much  or  two  little  water,  and  this  regulates  the  supply;  but 
the  upper  shuttle  is  used  to  stop  the  mill,  and  by  this  means 
the  adjustment  of  the  lower  shuttle  is  npt  destroyed,  but 
when  set  to  work  again,  it  will  move  with  its  required 
velocity.^  Fig.  101  is  a  section  of  one  of  the  water-wheels 
at  the  cotton-mills  of  Messrs  Strutt,  at  Belper,  in  Derby- 
shire. The  width  of  this  wheel  is  very  great,  anc^fo  render 
the  shuttles  A  B  firm,  a  strong  grating  of  cast-iron  is 
fixed  on  the  top  of  the  breast  K,  and  the  shuttles  are 
applied  at  the  back  of  the  grating  E,  so  as  to  slide  up  and 
down  against  it,  the  strain  occasioned  by  the  pressure  of  the 
water  being  borne  by  the  grating.  The  lower  shuttle  is 
moved  by  means  of  long  screws,  a,  which  have  bevelled 
wheels,  6,  at  the  upper  ends,  to  turn  them,  by  a  connection 
of  wheel-work  with  the  wheel-work  of  the  mill.  The  upper 
shuttle,  A,  is  drawn  up  or  down  by  racks  and  pinions,  c, 
which  are  turned  by  a  winch,  or  handle.  The  bars  of  the 
grating  E  are  placed  one  above  the  other,  like  shelves,  but 
are  not  horizontal ;  they  are  inclined,  so  that  the  upper  sur- 
faces of  all  the  bars  form  tangents  to  an  imaginary  circle  of 
one-third  the  diameter  of  the  wheel  described  round  the 
centre  thereof.  These  bars  are  not  above  half  an  inch  thick, 
and  the  spaces  between  them  are  2^  inches.  The  bars  are  of 
a  considerable  breadth,  the  object  of  them  being  to  lead  the 
water,  with  a  proper  slope  from  the  top  of  the  lower  shuttle 
B,  to  flow  upon  the  floats  of  the  wheel.  This  disposition 
allows  the  shuttles  to  be  placed  at  such  a  distance  from  the 
wheel  as  to  admit  very  strong  upright  bars  of  cast-iron  to 
be  placed  between  the  wheel  and  the  shuttles,  for  the  shuttles 
to  bear  against,  and  prevent  them  from  bending  towards  the 
wheel,  as  the  great  weight  of  water  would  otherwise  occasion 
them  to  do.  These  upright  bars  are  very  firmly  fixed  to 
the  stone-work  of  the  breast  at  their  lower  ends,  and  the 
upper  ends  are  fastened  to  a  large  timber,  D,  which  is  sup- 
ported at  its  ends  in  the  side  walls,  and  has  a  truss-framing 
applied  to  the  back  of  it,  like  the  framing  of  a  roof,  to  prevent 
it  from  bending  towards  the  wheel.  The  upright  bars  are 
placed  at  distances  of  five  feet  asunder,  so  as  to  support  the 
shuttles  in  two  places  in  the  middle  of  their  length,  as  well 
as  at  both  ends  ;  and  larg^  rollers  are  applied  in  the  shuttle, 
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wbere  it  bears  agaioBt  these  bars,  to  diminisb  tbe  firactioi^ 
which  would  otherwise  be  very  great. 

These  precautions  will  not  appear  uanecesaary  when  tbe 
size  of  the  work  is  known.  The  wheel  is  21^  feet  in  diame- 
ter, and  15  feet  broad;  the  fall  of  water  is  14  feet,  when  it  is 
at  a  mean  height;  the  upper  shuttle  is  2^  feet  high,  and  15 
feet  long ;  the  lower  shuttle  is  five  feet  high,  and  the  same 
length,  so  that  it  contains  75  square  feet  of  surface  exposed 
to  the  pressure  of  the  water ;  now  takUig  the  centre  of  pressure 
at  two-thirds  of  the  depth,  or  3^  feet,  we  find  the  pressure 
equal  to  that  depth  of  water  acting  on  the  whole  sur&ce ;  that 
is,  the  weight  of  34  cubic  feet  of  water  =  208  pounds,  bears 
on  every  square  foot  of  surface,  which  is  equal  to  15,600 
pounds,  or  near  seven  tons,  on  the  lower  shuttle  only ;  but  if 
we  take  the  two  shuttles  together,  the  surface  is  112  square 
feet,  and  the  mean  pressure  312  pounds  upon  each,  or  16  tons 
in  the  whole.  The  wheel  has  40  float- boards  pointing  to  the 
centre.  The  wheel  is  made  of  cast-iron.  There  are  two 
wheels  of  the  dimensions  above  stated,  which  are  placed  in  a 
line  with  each  other,  and  are  only  separated  by  a  wall  which 
supports  the  bearings ;  for  they  work  together  as  one  wheel, 
and  the  separation  is  only  to  obviate  the  difliculty  of  making 
one  wheel  of  such  great  breadth  as  30  feet,  though  this  is  not 
impossible,  for  there  is  a  wheel  in  the  same  works  40  feet  in 
breadth,  but  it  is  of  wood  and  not  iron,  and  is  firamed  iaa 
particular  manner. — ^Dr  Rees's  Cydop€bdM. 

DR  BAKK£R's  mill. 

Dr  Desaguliers  appears  to  have  been  the  first  who  pub- 
lished an  account  of  this  machine.  He  ascribes  the  invention 
to  Dr  Barker,  in  the  following  words :  <*  Sir  George  Savill  says, 
he  bad  a  mill  in  Lincolnshire  to  grind  corn,  which  took  up  so 
much  water  to  work  it,  that  it  sunk  his  ponds  visibly,  for 
which  reason  he  could  not  have  constant  work ;  but  now,  by 
Dr  Barker's  improvement,  the  waste  water  only  from  Sir 
George's  ponds  keeps  it  constantly  to  work." 

Dr  Bdtker's  mill  is  shown  in  fig.  102,  where  C  D  is  a 
verticaf  axis,  moving  on  a  pivot  at  D,  and  carrying  the  upper 
millstone  m,  after  passing  through  an  opening  in  the  fixed 
millstone  C.  Upon  this  axis  is  fixed  a  vertical  tube  T  T, 
communicating  with  a  horizontal  tube  A  B,  at  the  extremities 
of  which  A,  5,  are  two  apertures  in  opposite  directions. 
When  water  from  the  millcourse  M  N  is  introduced  into  the 
tube  T  T,  it  flows  out  of  the  apertures  A  B,  and,  by  the 
reaction  or  counterpressure  of  the  issuing  water,  the  arm  A  B, 
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and  consequently  the  whole  macbine  ui  put  io  motion. 
The  bridgetree  a  (  is  elevated  or  depressed  by  turning  the 
nat  c  at  the  end  of  the  Wver  c  i.  In  order  to  understaad 
how  ibis  motion  is  produced,  lei  us  suppose  both  the  aper- 
toies  shut,  aod  the  tube  T  T  filled  with  water  up  to  T.  The 
aperturea  A,  B,  which  are  shut  up,  will  be  pressed  outwarda 
by  a  force  equal  to  the  weight  of  a  column  of  water  whose 
height  is  T  T,  and  whose  area  is  the  area  of  the  aperUirea. 
Every  part  of  the  tube  A  B  sustains  a  similar  pressure ;  but 
as  these  pressures  are  balanced  by  equal  and  .opposite 
pressures,  the  arm  A  B  is  at  rest.  By  opening  the  aperture 
at  Af  however,  the  pressure  at  that  place  is  removed,  and 
consequently  the  arm  is  carried  round  by  a  pressure  equal  to 
that  of  a  column  T  T,  acting  upon  an  area  equal  to  that  of 
the  aperture  A.  The  same  thing  happens  on  the  arm  T  B; 
and  these  two  pressures  drive  the  arm  A  B  round  in  the 
same  direction.  This  machine  may  evidently  be  applied  to 
drive  any  kind  of  machinery,  by  fixing  a  wheel  upon  the 
vertical  axis  C  D. 

In  the  preceding  form  of  Barker's  mill,  the  length  of  the 
aius  C  D  must  always  exceed  the  height  of  the  fall  N  D, 
and  therefore  when  the  fall  is  very  high,  the  difficulty  of 
erecting  such  a  machine  would  be  great.  In  order  to  remove 
this  difficulty,  M.  Mathon  de  la  Cour  proposes  to  introduce 
the  water  from  the  milicourse  into  the  horizontal  arms  A,  B, 
which  are  fixed  to  an  upright  spindle  C  T,  but  without  any 
tube  T  T.  The  water  will  obviously  issue  from  the  apertures 
A,  B,  in  the  same  manner  as  if  it  bad  been  introduced  at  the 
top  of  a  tube  T  T  as  high  as  the  fall.  Hence  the  spindle 
C  D  may  be  made  as  short  as  we  please.  The  practical  dif- 
ficulty which  attends  this  form  of  the  machine,  is  to  give  the 
arms  A,  B,  a  motion  round  the  mouth  of  the  feeding  pipe^ 
which  enters  the  arm  at  D,  without  any  great  friction,  or 
any  considerable  loss  of  water.  This  form  of  the  mill  is 
shown  in  fig.  103,  where  F  is  the  reservoir,  K  the  millstones, 
K  D  the  vertical  axis,  F  E  C  the  feeding  pipe,  the  mouth  of 
which  enters  the  horizontal  arm  at  C.  In  a  machine  of  this 
kind  which  M.  Mathon  de  la  Cour  saw  at  Bourg  Argental, 
A  B  was  92  inches,  and  its  diameter  three  inches ;  the  diame- 
ter of  each  orifice  was  1|  inch,  F  G  was  21  feet ;  the  internal 
diameter  of  D  was  two  inches,  and  it  was  fitted  into  C  by 
grinding.  This  machine  made  115  turns  in  a  minute  when 
It  was  unloaded,  and  emitted  water  by  one  hole  only.  The 
machine,  when  empty,  weighed  80  pounds,  and  it  was  half 
supported  by  the  upward  pressure  of  the  water. 
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This  improvement,  which  was  first  given  by  M.  Mathon  de 
la  Cour,  in  the  Journal  de  Physique,  1775,  appeared  twenty 
years  afterwards  in  ihe *^mericanFhUo8oph%cal  Transactions, 
as  the  invention  of  a  Mr  Ramsey  ;  and  Mr  Waring,  who  in- 
serted the  account,  contrary  to  every  othet  philosopher, 
makes  the  effect  of  the  machine  only  equal  to  that  of  a  good 
undershot- wheel,  moved  with  the  same  quantity  of  water 
falling  through  the  same  height. 

Dr  Gregory,  in  his  Mechanics,  vol.  ii.  has  given  this  paper 
with  some  corrections,  and  recommends  it  as  the  best  theory. 
The  following  rules,  deduced  from  his  calculus,  may  be  of 
use  to  those  who  wish  to  make  experiments  on  the  effect  of 
this  interesting  machine. 

1.  Make  each  arm  of  the  horizontal  rotatory  tube  or  arm 
of  any  convenient  length,  from  the  centre  of  motion  to  the 
centre  of  the  apertures,  but  not  less  than  one^third,  (one- 
ninth,  according  to  Mr  Gregory,)  of  the  perpendicular  height 
of  the  water's  surface  above  their  centres. 

2.  Multiply  the  length  of  the  arm  in  feet  by  .6136,  and 
take  the  square  root  of  the  product  for  the  proper  time  of  a 
revolution  in  seconds,  and  adapt  the  other  parts  of  the  ma- 
chinery to  this  velocity ;  or  if  the  required  time  of  a  revolu- 
tion be  given,  multiply  the  square  of  this  time  by  1.629  for 
the  proportional  length  of  the  arm  in  feet. 

3.  Multiply  together  the  breadth,  depth,  and  velocity  per 
second,  of  the  race,  and  divide  the  last  product  by  18.47 
times,  (14.27,  according  to  Mr  Gregory,)  the  square  root  of 
the  height,  for  the  area  of  either  aperture. 

4.  Multiply  the  area  of  either  aperture  by  the  height  of 
the  fall  of  water,  and  the  product  by  41|  pounds,  (55.775, 
according  to  Mr  Gregory,)  for  the  moving  force,  estimated 
at  the  centres  of  the  apertures  in  pounds  avoirdupois. 

5.  The  power  and  velocity  at  the  aperture  may  be  easily 
reduced  to  any  part  of  the  machinery  by  the  simplest  me- 
chanical rules. 

TIDE-MILLS. 

Tide-mills,  as  their  name  imports,  are  such  as  employ 
for  their  first  mover  the  flowing  and  ebbing  tide,  either  in 
the  sea  or  a  river. 

Mills  of  this  kind  have  not  often,  we  believe,  been  erected 
in  England,  though  several  of  our  rivers,  and  particularly 
the  Thames,  the  Humber,  and  the  Severn,  in  which  the  tide 
rises  to  a  great  height,  furnish  a  very  powerful  mover  to 
drive  any  kind  of  machinery,  and  would  allow  of  tide-milb 
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being  very  adTantageously  constructed  upon  their  banks. 
The  erection  of  such  mills  is  not  to  be  recommended  uni- 
versally, as  they  are  attended  with  a  considerable  original 
expense ;  beside  that,  some  of  their  parts  will  require  fre- 
quent repairs :  but  in  some  places,  where  coni  is  very  dear, 
they  may,  on  the  whole,  be  found  less  expensive  than  steam- 
engines  to  perform  the  same  work,  and  may,  on  that  account, 
be  preferred  even  to  them. 

We  have  not  been  able  to  ascertain  who  was  the  first 
contriver  of  a  tide-mill  in  this  country,  nor  at  what  time  one 
was  first  erected.  The  French  have  not  been  so  negligent 
respecting  the  origin  of  this  important  invention,  as.  to  let 
it  drop  into  obscilrity ;  but  have  taken  care  to  inform  us 
that  such  mills  were  used  in  France  early  in  the  last  century. 
Belidor  mentions  the  name  of  the  inventor,  at  the  same 
time  that  he  states  some  peculiar  advantages  of  this  species 
of  machine.  "  L'on  en  attribue,"  says  he,  "  la  premiere 
invention  a  un  nomm^  Perse^  maitre  charpentier  de  Dun- 
kerque,  que  m^rite  assur^ment  beaucoup  d'eloge,  n'y  ayant 
point  de  gloire  plus  digne  d'un  bon  citoyen,  que  celle  de 
produire  quelqu'invention  utile  a  la  society.  En  efiet,  com- 
bien  n'y  a-t'-il  point  de  choses  essentielles  a  la  vie,  dont 
on  ne  connoit  le  prix  que  quand  on  en  est  prive:  les 
rooulins  en  general  sont  dans  ce  cas-la.  On  doit  s^avoir  bon 
gre  a  ceux  qui  nous  ont  mis  en  etat  d'en  construire  partout: 
par  exemple,  a  Calais,  comme  il  n'y  serpente  point  de 
rivieres,  on  n'y  a  point  fait  jusqu'ici  de  moulins  a  eau,  et 
ceux  qui  vonl  par  le  vent  chomant  une  partie  de  I'annee,  il 
y  a  des  tems  ou  cette  ville  se  trouve  sans  farine,  et  j'ai  vu  la 
garnison  en  1730,  oblig^  de  faire  venir  du  pain  de  Saint- 
Omer,  au  lieu  qu'en  se  servant  du  flux  et  reflux  de  la  mer, 
on  pourrait  construire  autant  de  moulins  a  eau  que  l'on 
voudroit:  il  y  a  d'autres  villes  dans  le  voisinage  de  la  mer 
sujettes  au  meme  inconvenient,  parcequ'apparemment  elles 
ignorent  le  moyen  d'y  remedier." 

Mills  to  be  worked  by  the  rising  and  falling  of  the  tide, 
admit  of  great  variety  in  the  essential  parts  of  their  con- 
struction ;  but  this  variety  may  perhaps  be  reduced  to  four 
general  heads,  according  to  the  manner  of  action  of  the 
water-wheel.  1.  The  water-wheel  may  turn  one  way  when 
the  tide  rises,  and  the  contrary  when  it  falls.  2.  The  water- 
wheel  may  be  made  to  turn  always  in  one  direction. 
3.  The  water-wheel  may  fall  and  rise  as  the  tide  ebbs  and 
flows.  4.  The  axle  of  the  water-wheel  may  be  so  fixed  as 
that  it  shall  neither  rise  nor  fall,  though  the  rotatory  motion 
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shall  be  given  to  the  wheel,  while  at  one  time  it  is  onljr 
partly,  at  another  completely,  immersed  iti  the  fluid.  In  the 
mills  we  have  examined,  says  Dr  Gregory,  the  first  and  third 
of  these  divisions  have  been  usually  exemplified  in  one  ma- 
chine ;  and  the  second  and  fourth  may  readily  be  united  in  an- 
other: we  shall,  therefore,  speak  of  them  under  two  divi- 
sions only. 

1 .  When  the  water-wheel  rises  and  falls,  and  turns  one  way 
with  the  rising  tide,  and  the  contrary  when  it  ebbs.  In  order 
to  explain  the  nature  of  this  species  of  tide-mills,  we  shall  de- 
scribe one  which  has  lately  been  erected  on  the  right  bank  of  the 
Thames,  at  East-Greenwich,  under  the  direction  of  Mr  John 
Lloyd,  an  ingenious  engineer  of  Brewer's-green,  Westminster. 

This  mill  is  intended  to  grind  com,  and  works  eight  pair 
of  stones.  The  side  of  the  mill-house  parallel  to  the  course 
of  the  river,  measures  40  feet  within  ;  and  as  the  whole  oF 
this  may  be  opened  to  the  river  by  sluice-gates,  which  are 
carried  down  to  the  low  water-mark  in  the  rivef,  there  is  a 
40  feet  waterway  to  the  mill :  through  the  waterway  the 
water  presses  during  the  rising  tide  into  a  large  reservoir, 
which  occupies  about  four  acres  of  land ;  and  beyond  this 
reservoir  is  a  smaller  one,  in  which  water  is  kept,  for  the 
purpose  of  being  let  out  occasionally  at  low  water  to  cleanse 
the  whole  works  from  mud  and  sediment,  which  would  other- 
wise, in  time,  clog  the  machinery. 

The  water-wheel  has  its  axle  in  a  position  parallel  to  the 
side  of  the  river,  that  is,  parallel  to  the  sluice-gates  which 
admit  water  from  the  river ;  the  length  of  this  wheel  is  26 
feet,  its  diameter  1 1  feet,  and  its  number  of  float-boards  32. 
These  boards  do  not  each  run  on  in  one  plane  from  one  end 
of  the  wheel  to  the  other,  but  the  whole  length  of  the  wheel 
is  divided  into  four  equal  portions,  and  the  parts  of  the  float- 
boards,  belonging  to  each  of  these  portions,  fall  gradually  one 
lower  than  another,  each  byone-fourthof  the  distance  from  one 
board  to  another,  measuring  on  the  circumference  of  the  wheel. 

This  contrivance,  which  will  be  better  understood  by  refer- 
ring to  fig.  104,  is  intended  to  equalize  the  action  of  water  up- 
on the  wheel,  and  prevent  its  moving  by  jerks.  The  wheel,  with 
its  incumbent  apparatus,  weighs  about  20  tons,  the  whole  of 
which  is  raised  by  the  impulse  of  the  flowing  tide,  when  ad- 
mitted through  the  sluice-gates.  It  is  placed  in  the  middle  of 
the  waterway,  leaving  a  passage  on  each  side  of  about  six  feet, 
for  the  water  to  flow  into  the  reservoir,  besides  thait  which,  in 
its  motion,  turns  the  wheel  round.  Soon  after  the  tide  has 
risen  to  the  highest,  (which  at  this  mill  is  often  20  feet  above 
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the  low  water'-mark,)  the  water  is  permitted  to  run  back 
again  from  the  reservoir  into  the  river,  and  by  this  means  it 
gives  a  rotatory  motion  to  the  water-wheel,  in  a  contrary 
direction  to  that  with  which  it  moved  when  impelled  by  the 
rising  tide :  the  contrivance  by  which  the  wheel  is  raised  and 
depressed,  and  that  by  which  the  whole  interior  motions  of 
the  mill  are  preserved  in  the  same  direction,  although  that 
in  which  the  water-wheel  moves  is  changed,  are  so  truly  in- 
genious as  to  deserve  a  distinct  description,  illustrated  by 
diagrams.  Let,  then,  A  B,  (fig.  105,)  be  a  section  of  the 
water-wheel,  1,  2,  3, 4,  5,  Slc.  its  floats ;  C  D  the  first  cog- 
wheel upon  the  same  axis  as  the  water-wheel ;  the  vertical 
shaft  F  £  carries  the  two  equal  wallower-wheels  E  and  F, 
which  are  so  situated  on  the  shaft  that  one  or  other  of  them 
may,  as  occasion  requires,  be  brought  to  be  driven  by  the 
first  wheel  C  D;  and  thus  the  first  wheel  acting  upon  F  and 
Eat  points  diametrically  opposite,  will,  although  its  own 
motion  is  reversed,  communicate  the  rotatory  motion  to  the 
vertieal  shaft  always  in  the  same  direction.  In  the  figure  the 
wheel  £  is  ahown  in  geer,  while  F  is  clear  of  the  cog-wheel 
C  D ;  and  at  the  turn  of  the  tide  the  wheel  F  is  let  into 
geer,  and  E  is  thrown  out ;  this  is  effected  by  the  lever  O, 
whose  fulcrum  is  at  H,  the  other  end  being  suspended  by  the 
rack  K,  which  has  hold  of  the  pinion  L  on  the  same  axle 
as  the  wheel  M ;  into  this  wheel  plays  the  pinion  N,  the 
winch  O,  on  the  other  end  of  whose  axle,  furnishes  sufficient 
advantage  to  enable  a  man  to  elevate  or  depress  the  wallower- 
wheels,  as  required. 

The  centre  of  the  lever  may  be  shown  more  clearly  by 
fig.  104,  where  «  6  is  a  section  of  the  lever,  which  is  com- 
posed of  two  strong  bars  of  iron,  as  «  6;  there  are  two  steel 
studs  or  pins  which  work  in  the  grooves  of  the  grooved 
wheel  I,  this  wheel  being  fixed  on  the  four  rods  surrounding 
the  shaft,  of  which  three  only  can  be  shown  in  the  figures, 
na  c  d  e;  the  ends  of  these  are  screwed  fast  by  bolts  to  the 
sockets  of  the  wallower-wheels,  and  they  are  nicely  fitted 
on  the  vertical  shaft,  so  as  to  slide  with  little  friction  ;  thus 
the  wallowers  may  be  raised  or  lowered  upon  the  upright 
shaft,  while  the  gudgeon,  on  which  it  turns,  retains  the  same 
position. 

When  the  top  wallower  is  in  geer,  it  rests  on  a  shoulder 
that  prevents  it  from  going  too  far  down ;  and  when  the 
bottom  one  is  in  geer,  there  is  a  bolt  that  goes  through  the 
top  wheel  socket  and  shaft  which  takes  the  weisht  from  the 
lever  G,  at  the  same  time  that  it  prevents  much  friction  on 
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the  studs  or  pins  of  the  lever  which  works  in  the  grooved 
wheel  L 

When  the  tide  is  flowing,  after  the  mill  has  stopped  a  suffi- 
cient time  to  gain  a  moderate  head  of  water,  the  fluid  is  suf- 
fered to  enter  and  fall  upon  the  wheel  at  the  sluice  Q,  (fig. 
105,)  and  the  tail-water  to  run  out  at  the  sluice  R. 

The  hydrostatic  pressure  of  the  head  of  water  acting  against 
the  bottom  of  the  wheel  frame  S,  and  at  the  same  time  acting 
between  the  folding-gates  T  W,  which  are  thus  converted  into 
very  large  hydrostatic  bellows,  buoys  up  the  wheel  and  frame, 
(though  weighing,  as  before  observed,  nearly  20  tons,)  and 
makes  them  gradually  to  rise  higher  and  higher,  so  that  the 
wheel  is  never,  as  the  workmen  express  it,  drowned  in  the 
flowing  water ;  nor  can  the  water  escape  under  the  wheel- 
frame,  being  prevented  by  the  folding-gates,  which  pass  from 
one  end  to  the  other  of  the  wheel.  In  this  way  the  wheel  and 
frame  are  buoyed  up  by  a  head  of  four  feet;  and  the  mill 
works  with  a  head  of  5  or  5^  feet. 

When  the  tide  is  ebbing,  and  the  water  from  the  reservoir 
running  back  again  into  the  river,  it  might,  perhaps,  be  ex- 
pected that  in  consequence  of  the  gradual  subsiding  of  the 
water,  the  water-wheel  should  as  gradually  lower ;  but  lest 
any  of  the  water  confined  between  the  wheel-frame  at  S,  and 
the  folding  gates  T  W,  should  prevent  this,  there  are  strong 
rackworks  of  cast-iron,  by  which  the  wheel-frame  can  be  either 
suspended  at  any  altitude,  or  gradually  let  down  so  as  to  give 
the  water  returning  from  the  reservoir  an  advantageous  head 
upon  the  wheel ;  then  the  sluice  R  is  shut,  and  V  opened  as 
well  as  X,  the  water  entering  at  X  to  act  upon  the  wheel,  and 
flowing  out  at  R.  The  upper  surface  of  the  wheel-frame  is 
quadrangular,  and  at  each  angle  is  a  strong  cast-iron  bar, 
which  slides  up  and  down  in  a  proper  groove,  that  admits  of 
the  vertical  motion,  but  prevents  all  such  lateral  deviation  as 
might  be  occasioned  by  the  impulsion  of  the  stream. 

At  each  end  of  the  water-wheel  there  is  a  vertical  shaft, 
with  wallowers  and  a  first  cog-wheel,  as  F  E,  and  C  D ;  and 
each  of  these  vertical  shafts  turns  a  large  horizontal  wheel 
at  a  suitable  distance  above  the  wallowers,  while  each  hori- 
zontal wheel  drives  four  equal  pinions  placed  at  equal  or 
quadrantal  distances  on  its  periphery,  each  pinion  having  a 
verticle  spindle,  on  the  upper  part  of  which  the  upper  mill- 
stone of  its  respective  pair  is  fixed.  Other  wheels,  driven  by 
one  or  other  of  these  pinioQs,  giving  motion  to  the  bolting 
and  dressing  machines,  and  diiferent  subordinate  parts  of  the 
mill. 
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Although  the  vertical  shaft  at  each  end  of  the  water-wheel 
rises  and  falls  with  that  wheel,  yet  the  large  horizontal  wheel 
turning  with  such  shaft  does  not  likewise  rise  and  fall,  but 
remains  always  in  the  same  horizontal  plane,  and  in  contact 
with  the  four  pinions  it  drives.  The  contrivance  for  this 
purpose  is  very  simple,  but  very  efficacious;  each  great  ho- 
rizontal wheel  has  a  nave,  which  runs  upon  friction-rollers, 
and  has  a  square  aperture  passing  through  it  vertically,  just 
large  enough  to  allow  the  shaft  P  to  slide  freely  up  and  down 
in  it,  but  not  to  turn  round  without  communicating  its  rota- 
tory motion  to  the  wheel ;  thus  the  weight  of  the  wheel  causes 
it  to  press  upon  the  friction  rollers,  and  retain  the  same  ho- 
rizontal planes,  and  the  action  of  the  angles  of  the  vertical 
shaft  upon  the  corresponding  parts  of  the  square  orifice  in  the 
nave  causes  it  to  partake  of  the  rotatory  motion,  such  motion 
being  always  in  one  direction,  in  consequence  of  the  con- 
trivance by  which  one  or  other  of  the  wallowers  E  F  is 
brought  into  contact  with  the  opposite  points  of  the  first 
eog-wheel  C  D. 

Several  of  the  subordinate  parts  of  this  mill  are  admira- 
rably  constructed  ;  but  we  can  only  notice  here  the  means 
by  which  the  direction  of  the  motion  in  the  dressing  and  bolt- 
ing machines  may  be  varied  at  pleasure.  On  a  vertical 
shaft  are  fixed,  at  the  distance  of  about  15  or  18  inches,  two 
equal  cog-wheels,  and  another  toothed-wheel,  attached  to  a 
horizontal  axle,  is  made  so  as  to  be  movable  up  and  down 
by  a  screw,  and  thus  brought  into  contact  with  either  the 
upper  or  lower  of  the  two  cog-wheels  on  the  vertical  shaft ; 
thus,  it  is  manifest,  the  motion  is  reversed  with  great  facili- 
ty by  changing  the  position  of  the  horizontal  axle  so  that 
the  wheel  upon  it  may  be  driven  by  the  two  cog-wheels  al- 
ternately. A  wheel  and  pinion  working  at  the  other  end  of 
the  horizontal  axle  will  communicate  the  motion  to  the  dress- 
ing machines. 

Mr  W.  Dryden,  Mr  Lloyd's  foreman,  employed  in  the 
erection  of  this  mill,  suggests  that  a  nearly  similar  mode 
may  be  advantageously  adopted  in  working  dressing  ma* 
chines  in  wind-mills  ;  three  wheels,  all  of  different  diameters, 
may  be  employed,  two  of  them,  as  A  and  C,  turning  upon  a 
vertical  shaft,  and  the  third,  B,  upon  an  inclined  one.  In 
fig.  106,  the  wheels  A  and  B  are  shown  in  geer,  while  C  is 
out ;  and  if  A  be  struck  out  by  some  such  contrivance  as  is 
adopted  with  regard  to  the  first  cog-wheel  and  wallowers, 
(fig.  104  and  105,)  C  would  come  in  contact  with  B,  while  A 
would  be  free,  and  so  communicate  a  motion  to  B  the  reverse 
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way.  By  this  contrivance  it  would  be  easy,  when  the  winds 
are  strong  and  give  a  rapid  motion  to  the  vertical  axle,  to 
bring  C  to  drive  B,  the  wheel  on  the  axle  of  the  dressing- 
machines  ;  and  on  the  contrary,  when  the  wind  is  slack,  and 
the  consequent  motion  of  the  machinery  slow,  let  C  be  thrown 
out  of  geer,  and  the  wheel  B  driven  by  the  larger  wheel  A, 
as  shown  in  the  figure. 

We  should  have  been  glad  to  see  adopted  in  this  well-con- 
structed mill,  a  contrivance,  recommended  and  pursued  by 
the  American  mill-wrights,  for  raising  the  ground  corn  to  the 
cooling-boxes  or  beaches  from  which  it  is  to  be  conveyed  into 
the  bolting  machine.  In  this  mill,  as  in  all  we  have  seen, 
the  corn  is  put  into  bags  at  the  troughs  below  the  mill-stones, 
and  thence  raised  to  the  top  of  the  mill-house  by  a  rope,  fold- 
ing upon  barrels  turned  by  some  of  the  interior  machinery 
of  the  mill.  In  the  American  method,  a  large  screw  is 
placed  horizontally  in  the  trough  which  receives  the  flour 
from  the  mill-stones.  The  thread  or  spiral  line  of  the  screw 
is  composed  of  pieces  of  wood  about  two  inches  broad  and 
three  long,  fixed  into  a  wooden  cylinder  seven  or  eight  feet 
in  length,  which  forms  the  axis  of  the  screw.  When  the 
screw  is  turned  round  this  axis,  it  forces  the  meal  from'  one 
end  of  the  trough  to  the  other,  where  it  falls  into  another 
trough,  from  which  it  is  raised  to  the  top  of  the  mill-house 
by  means  of  elevators,  a  piece  of  machinery  similar  to  the 
chain-pump.  These  elevators  consist  of  a  chain  of  buckets,  or 
concave  vessels,  like  large  tea-cups,  fixed  at  proper  distances 
upon  a  leathern  band,  which  goes  round  two  wheels,  one  of 
which  is  placed  at  the  top  of  the  mill-house,  and  the  other 
at  the  bottom,  in  the  meal-trough.  When  the  wheels  are 
put  in  motion,  the  band  revolves,  and  the  buckets,  dipping 
into  the  meal-trough,  convey  the  flour  to  the  upper  story, 
where  they  discharge  their  contents.  The  band  of  buckets 
is  inclosed  in  two  square  boxes,  in  order  to  keep  them  clean, 
and  preserve  them  from  injury. 

We  shall  now  proceed, 

2.  To  tide-mills,  in  which  the  axle  of  the  water-wheel  net^ 
ther  rises  nor  falls,  and  in  which  that  wheel  is  made  always 
to  revolve  in  the  same  direction.  A  water-wheel  of  this  kind 
must,  manifestly,  at  the  time  of  high  tide,  be  almost,  if  not 
entirely,  immersed  in  the  fluid ;  and  to  construct  a  wheel  to 
work  under  such  circumstances  is,  obviously,  a  matter  which 
requires  no  small  skill  and  in|[enuity. 

The  first  persons  who  devised  a  wheel  which  might  be 
turned  by  the  tide,  when  completely  immersed  in  it,  were 
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Messrs  Gosset  and  De  la  Deuille.  Their  wheel  is  described 
by  Belidor  in  nearly  the  following  terms.  Suppose  G  H 
(fig.  107,)  to  denote  the  surface  of  the  water  at  high-tide,  the 
line  L  M  the  surface  at  low  water,  and  that  the  current  fol*- 
lows  thedirection  of  the  arrow  N  ;  the  problem  is  to  construct 
the  wheel  so  that  it  may  always-  turn  upon  its  axis  I  K. 
The  figure  just  referred  to  is  a  profile  of  an  assemblage  of 
carpentry,  which  must  be  repeated  several  times  along  the 
arbor,  according  to  the  length  which  it  is  proposed  to  gif e  to 
the  float  boards ;  and  the  planks  or  plates  which  compose 
these  floats,  must  be  hung  to  the  other  parts  of  the  frame  by 
as  many  joints  as  are  necessary,  to  enable  them  to  sustain 
the  impulse  of  the  water  without  bending.  The  sole  pecu- 
liarity of  this  wheel  consists  in  hanging  upon  the  transverse 
beams  in  the  frame-work,  by  hinges,  the  planks  which  are  to 
compose  the  float  boards  ;  so  that  they  may  present  them- 
selves in  lace,  as  D,  D,  D,  when  they  are  at  the  bottcHn  of  the 
wheel,  to  receive  the  full  stroke  of  the  stream  ;  and,  on  the 
contrary,  they  present  only  their  edges,  as  A,  A,  A,  when 
they  are  brought  towards  the  summit  of  the  wheel ;  hence, 
the  water  having  a  far  greater  efifect  upon  the  lower  than  the 
upper  parts  of  the  wheel,  compels  it  to  revolve  in  the  order 
of  the  letters ;  instead  of  which,  if  the  float-boards  were 
fixed  as  in  the  usual  way,  the  impulse  of  the  fluid  upon  the 
wheel  would  be  nearly  the  same  in  all  its  parts,  and  it  would 
remain  immovable. 

We  see,  at  once,  that  the  boards  D,  D,  D,  having  moved 
towards  M,  then  begin  to  float,  as  at  E,  E,  E,  and  more  still 
at  F,  F,  F,  but  that  it  is  not  till  they  arrive  at  A,  A,  A,  that 
they  attain  the  horizontal  position^  after  that,  having  arrived 
at  B,  B,  B,  they  begin  to  drop  towards  the  beams  to  which 
they  are  hooked,  and  as  soon  as  they  have  passed  the  level  of 
the  axle  I  El,  the  stream  commences  its  full  action  upon  them, 
which  it  attains  completely  between  C,  C,  C,  and  E,  E,  E,  and 
this,  whether  the  surface  of  the  water  be  at  G  H  or  at  L  M  ; 
for  even  in  the  latter  case,  it  is  manifest  that  the  float-boards 
are  entirely  immersed  when  in  the  vertical  position  P  d.  Be- 
lidor saysy  he  was  present  at  the  first  trial  of  such  a  wheel  at 
Paris,  and  that  it  was  attended  with  all  the  success  that  could 
be  desired. 

A  water-^heel  has  been  lately  invented  by  Mr  Dryden, 
which  will  work  when  nearly  immersed  in  the  water  of  a 
flowing  tide.  Fig.  108  is  an  elevation  of  this  wheel,  its  upper 
parts  being  supposed  to  stand  a  foot  or  two  higher  than  the 
tide  ever  rises  ;  the  axis  of  this  wheel  remains  always  in  one 
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place,  and  the  wheel  will  work  at  high-water  when  the  head 
is  at  B,  and  the  tail-water  at  the  dotted  line  A  ;  it  will  also 
perform  nearly  the  same  work  when  the  head  is  at  C,  and  the 
tail-water  level  with  the  bottom  of  the  wheel.  The  floats 
are  all  set  at  one  and  the  same  angle,  with  the  respective 
radii  of  the  wheel,  as  may  be  seen  in  the  figure,  and  are  made 
so  as  to  have  an  opening  of  at  least  an  inch  between  each 
float  and  the  drum-boarding  of  the  wheel.  This  opening  is 
intended  to  prevent  the  wheel  from  being  impeded  by  the 
tail-water;  for  as  the  t>ucketj'i8es  out  of  the  water,  there 
can  be  no  vacuum  formed  in  it,  there  being  a  full  supply  of 
air,  in  consequence  of  which  the  water  leaves  the  wheel  de- 
liberately. The  case  is  different  with  regard  to  wheels  made 
in  the  common  way;  for  if  such  are  open  wheels,  the  floats 
are  made  in  such  a  manner  as  to  throw  the  tail-water  if  they 
are  immersed  any  depth  in  it ;  or,  if  they  are  close,  the  wheel 
wants  proper  vent  for  the  air  to  prevent  the  formation  of  a 
vacuum  in  the  rising  bucket,  or  what  is  called  by  the  miller 
"  sucking  up  the  tail-water."  At  D  is  planking  made  cir- 
cular ,to  fit  the  wheel  pretty  close  for  rather  more  than  the 
space  of  two  floats,  so  as  to  confine  the  water  nearly  close  to 
the  wheel.  E,  F,'G,  H,  are  sluices  which  are  all  connected 
together  by  the  iron  bar  I,  and  lifted  with  the  assistance  of 
the  wheel,  two  pinions,  and  a  winch,  the  first  pinion  working 
into  the  rack  K ;  these  sluices  are  merely  for  stopping  the 
wheel  when  occasion  requires,  although  one  might  be  suffi- 
cient to  supply  the  wheel.  The  rings  of  this  wheel  may  be 
made  either  of  cast-iron  or  of  wood  ;  the  floats  may  be  iron 
plates  rivetted  together.  The  flanches  on  the  arms  of  the 
wheel,  exhibited  in  the  sketch,  are  intended  to  facilitate  the 
fixing  of  the  first  cog-wheels;  the  ring  of  the  wheel  may  be 
fixed  to  the  flanches  at  the  extremity  of  the  arms,  and  the 
large  flanch  made  fast  to  the  axle  will  receive  the  middle 
part  of  the  wheel. 

Fig.  109  is  a  plan  of  the  house  in  which  either  of  the  two 
latter  wheels  may  be  fixed,  showing  in  what  manner  the 
water  may  be  conveyed  always  on  one  side  of  the  wheel  by 
the  assistance  of  the  four  gates  A,  B,  C,  and  D.  When  the 
mill  is  working  from  the  river,  A  and  B  are  open,  the  arrows 
point  out  the  way  the  water  runs  from  the  river  to  the  basin ; 
and  the  dotted  lines  on  the  contrary  the  course  from  the  basin 
to  the  river,  when  A,  B,  are  shut,  andC,  D,  opened.  These 
ffates  are  made  to  turn  on  an  axle,  which  is  about  six  inches 
from  the  middle  of  the  gate,  and  on  the  top  of  the  axle  is  a 
half-wheel ;  by  some  crane-work  connected  to  it,  the  gate 
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can  be  opened  or  shut  at  pleasure ;  when  a  head  of  water 
presses  against  the  gates  they  will  open  great  part  of  the  way 
of  themselves,  by  only  letting  the  catches  that  keep  them  shut 
be  lifted  out  of  their  place.  X,  Y,  are  two  knees  of  cast-iron, 
to  support  the  posts  that  the  gates  are  fixed  to.  The  walls  of 
the  building  are  represented  at  a,  b,  c,  and  d. 

The  reader  will  now  be  able  to  form  an  estimate  of  the 
comparative  value  and  ingenuity  of  the  two  kinds  of  tide- 
mills  here  described.  The  simplicity  of  construction  of  the 
wheels  of  Gosset,  De  la  Deuille,  and  Dryden,  recommend 
them  strongly;  but  we  entertain  some  doubts  of  their  being 
completely  successful  in  practice:  had  the  curious  wheel,  with 
the  folding-gates,  &c.  fig.  104  and  106,  been  placed  with  its 
axle  perpendicular,  instead  of  parallel,  to  the  course  of  the 
river,  the  water  might  then  have  always  been  admitted  to  act 
upon  the  same  side  of  it,  and  the  hydrostatic  pressure  would 
have  operated  as  completely  in  lowering  it  continually  du- 
ring the  time  of  ebb,  as  in  raising  it  continually  during  the 
rising  of  the  tide ;  thus,  as  appears  to  us,  would  the  labour 
of  a  man  be  saved,  who,  according  to  the  present  construction, 
must  attend  the  water-wheels ;  and  all  the  additional  apara- 
tos  now  requisite  to  shift  the  spur-wheels,  would  at  the  same 
time  be  saved,  and  a  consequent  diminution  of  original  ex- 
pense.   Dr  Gregory's  JHecAanic^,  vol.  ii. 

In  selecting  a  site  for  the  erection  of  a  mill,  the  engineer 
must  be  careful  not  to  make  choice  of  a  spot  that  is  liable  to 
be  flooded.  When  the  water  in  the  mill-tail  will  not  run  off 
freely,  but  stands  pent  up  in  the  wheel-race,  so  that  the 
wheel  must  work  or  row  in  it,  the  wheel  is  said  to  be  tailed, 
or  to  be  in  back-water  or  tail-water;  which  greatly  impedes 
the  velocity  of  the  wheel,  and,  if  the  flood  be  great,  com- 
pletely stops  it. 

Every  mill  that  is  well  and  properly  constructed,  will  clear 
itself  of  a  considerable  depth  of  tail-water,  provided  there  is, 
at  the  time,  an  increase  in  the  height  of  the  water  in  the 
mill-dam.or  head,  and  an  unlimited  quantity  of  water  to  draw 
upon  the  wheel.  Common  breast-mills  will  bear  two  feet  of 
tail-water,  when  there  is  an  increase  of  head,  and  plenty  of 
water  to  be  drawn  upon  the  wheel,  without  prejudice  to  their 
performance;  and  mills  that  are  well  constructed,  with  slow 
moving  wheels,  will  bear  three  and  evpn  four  feet  and  up- 
wards of  tail-water.  Mr  Smeaton  mentions  having  seen  an 
instance  of  six  feet ;  and  it  is  a  common  thing  in  level  coun- 
tries, where  tail-water  is  most  annoying,  to  lay  the  wheel 
from  six  to  twelve  inches  below  the  water's  level  of  the 
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poad  below,  in  order  to  increase  the  fall  of  water;  and,  if 
judiciouBly  applied,  is  attended  with  good  effect,  as  it  in- 
creases the  diameter  of  the  wheel,  and  though  it  must  always 
work  in  that  depth  of  tail-water,  it  will  perform  full  as  well, 
because  the  water  ought  to  run  off  from  the  bottom  of  the 
wheel,  in  the  same  direction  as  the  wheel  turns. 

ON   THE   CONSTBUCTION   OF   THE   WHEEIi-RACE   AND    WATEIl^ 

COU&SE. 

The  wheel-race  should  always  be  built  in  a  substantial 
manner  with  masonry,  and  if  the  stones  are  set  in  Roman 
cement,  it  will  be  much  better  than  common  mortar.  The 
earth,  behind  the  masonry,  should  be  very  solid,  and  if  it  is 
not  naturally  so,  it  should  be  hard  rammed  and  puddled,  to 
prevent  percolation  of  the  water.  This  applies  more  parti- 
cularly to  breast-wheels,  in  which  the  water  of  the  dam  or 
reservoir  is  usually  immediately  behind  the  wall  or  breast  in 
which  the  wheel  works,  a  sloping  apron  of  earth  being  laid 
from  the  wall  in  the  dam  to  prevent  the  water  leaking.  The 
wall  of  the  breast  should  have  pile  planking  driven  beneath, 
to  prevent  the  water  from  getting  beneath,  because  that  might 
blow  up  the  foundation  of  the  race.  The  stones  of  the  race 
are  hewn  to  a  mould,  and  laid  in  their  places  with  great  care ; 
but  afterwards,  when  the  side-walls  arh  finished,  and  the  axis 
of  the  wheel  placed  in  its  bearings,  a  gauge  is  attached  to  it 
and  swept  round  the  curve,  and  by  this  the  breast  is  dressed 
smooth,  and  hewn  to  an  exact  arch  of  a  circle ;  the  side-walls, 
in  like  manner,  are  hewn  flat  and  true  at  the  place  where  the 
float-boards  are  tp  work.  It  is  usual  to  make  the  space  be- 
tween the  side-walls  two  inches  narrower  at  each  side,  in  the 
circular  part  where  the  float  acts,  than  in  the  other  parts. 

In  some  old  mills  the  breast  is  made  of  wood  planking, 
but  this  method  has  so  little  durability  that  it  cannot  be 
recommended. 

In  modern  mills,  the  breast  is  lined  with  a  cast-iron  plate, 
but  we  do  not  approve  of  this,  because  it  is  next  to  impossible 
to  prevent  some  small  leakage  of  water  through  the  masonry; 
and  this  water,  being  confined  behind  the  iron  breast,  cannot 
escape,  but  its  hydrostatic  pressure  to  force  up  the  iron  is 
enormous;  and  if  the  water  can  ever  insinuate  itself  behind 
the  whole  surface  of  the  plate,  rarely  fails  to  break  it,  if  not 
to  blow  it  up  altogether.  This  is  best  guarded  against  by 
making  deep  ribs  projecting  from  the  back  of  the  plate,  and 
bedding  them  with  great  care  in  the  masonry ;  these  not 
only  strengthen  the  plate,  but  also  cut  off  the  commanication 
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of  the  water,  so  that  it  cannot  act  upon  larger  surfaces  at  once, 
than  the  strength  and  weight  of  the  plate  can  resist.  Stone 
is  undoubtedly  the  best  materials  for  a  breasting.  In  o?er- 
shot-wheels  the  loss  of  water,  by  running  out  of  the  buckets 
as  they  approach  the  bottom  of  the  wheel,  may  be  considera- 
bly diminished  by  accurately  forming  a  sweep  or  casing 
round  the  lower  portion  of  the  wheel,  so  as  to  prevent  the 
immediate  escape  of  the  water,  and  causing  it  to  act  in  the 
manner  of  a  breast-wheel.  While  this  improvement  remains 
io  good  condition,  and  the  wheel  works  truly,  it  produces  a 
very  sensible  effect ;  but  it  is  frequently  objected  to,  because 
a  stick  or  a  stone  falling  into  the  wheel  would  be  liable  to 
tear  off  part  of  its  shrouding,  and  damage  the  buckets  f 
and  again,  a  hard  frost  frequently  binds  all  fast,  and  totally 
prevents  the  possibility  of  working  during  its  continuance; 
but  we  do  not  think  the  latter  a  great  objection,  for  the 
water  is  not  more  liable  to  freeze  there  than  in  the  buckets, 
or  in  the  shuttle,  and  may  be  prevented  by  the  same  means, 
viz.  by  keeping  the  wheel  always  in  motion,  a  very  small 
stream  of  water  left  running  all  night  will  be  sufficient.  Mr 
Smeaton  always  used  such  sweeps,  and  with  very  good  effect; 
it  is  certainly  preferable  to  any  intricate  work  in  the  form  of 
the  buckets. 

Mill-courses. — As  it  is  of  the  highest  importi^nce  to  have 
the  height  of  the  fall  as  great  as  possible,  the  bottom  of  the 
canal  or  dam  which  conducts  the  water  from  the  river  should 
have  a  very  small  declivity  ;  for  the  height  of  the  water-fall 
will  diminish  in  proportion  as  the  declivity  of  the  canal  is 
increased ;  on  this  account,  it  will  be  sufficient  to  make  A  B, 
fig.  100,  slope  about  one  inch  in  200  yards,  taking  care  to 
make  the  declivity  about  half  an  inch  for  the  first  48  yards, 
in  order  that  the  water  may  have  a  velocity  sufficient  to  pre- 
vent it  from  flowing  back  into  the  river.  The  inclination  of 
the  fall,  represented  by  the  angle  GC  R,  should  be  25°  50'; 
or  C  R,  the  radius,  should  be  to  G  R,  the  tangent  of  this 
angle,  as  100  to  48,  or  as  25  to  12;  and  since  the  surface 
of  the  water  S  6  is  bent  from  a  b  into  a  c,  before  it  is  pre- 
cipitated down  the  fall,  it  will  be  necessary  to  incurvate  the 
upper  part  B  C  D  of  the  course  into  B  D,  that  the  water  at 
the  bottom  may  move  parallel  to  the  water  at  the  top  of  the 
stream.  For  this  purpose,  take  the  points  B,  D,  about  12 
inches  distant  from  C,  and  raise  the  perpendiculars  B  E, 
D  E;  the  point  of  intersection  E  will  be  the  centre,  from 
which  the  arch  B  D  is  to  be  described ;  the  radius  being  about 
tOl.  inches. 
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Now,  ID  order  that  the  water  may  act  more  advantageougly 
upon  the  float-boards  of  the  wheel  W  W,  it  must  assume  a 
horizontal  direction  H  K,  with  the  8an\e  velocity  which  it 
would  have  acquired  when  it  came  to  the  point  6  :  but,  in 
falling  from  C  to  G,  the  water  will  dash  upon  the  horizontal 
part  H  G,  and  thus  lose  a  great  part  of  its  velocity ;  it  will 
be  proper,  therefore,  to  make  it  move  along  F  H,  an  arch  of 
a  circle,  to  which  D  F  and  K  H  are  tangents  in  the  points  F 
and  H.  For  this  purpose,  make  G  F  and  G  H  each  equal  to 
three  feet,  and  raise  the  perpendiculars  H  I,  F  I,  which  will 
intersect  one  another  in  the  points  I,  distant  about  four  feet 
nine  inches  and  -jM^s  '^om  the  points  F  and  H,  and  the 
centre  of  the  arch  F  H  will  bo  determined.  The  distance 
H  K,  through  which  the  water  runs  before  it  acts  upon  the 
wheel,  should  not  be  less  than  two  or  three  feet,  in  order  that 
the  different  portions  of  the  fluid  may  have  obtained  a  hori- 
zontal direction ;  and  if  H  K  be  much  larger,  the  velocity  of 
the  stream  would  be  diminished  by  its  friction  on  the  bottom 
of  the  course.  That  no  water  may  escape  between  the  bot* 
tom  of  the  course  K  H  and  the  extremities  of  the  float- 
boards,  K  L  should  be  about  three  inches,  and  the  extremity 
o  of  the  float-board  n  o,  should  be  beneath  the  line  H  K  2C, 
sufficient  room  being  left  between  o  and  M  for  the  play  of 
the  wheel,  or  K  L  M  may  be  formed  into  the  arch  of  a  circle 
K  M,  concentric  with  the  wheel.  The  line  L  M  V,  called 
by  M.Fabre  the  course  of  impulsion,  (le  coursier  d'impulsion,) 
should  be  prolonged,  so  as  to  support  the  water  as  long  as  it 
can  act  upon  the  float-boards,  and  should  be  about  nine 
inches  distant  from  O  P,  a  horizontal  line  passing  through  O, 
the  lowest  point  of  the  fall ;  for  if  O  L  were  much  less  than 
nine  inches,  the  water,  having  spent  the  greater  part  of  its 
force  ia  impelling  the  float-boards,  would  accumulate  below 
the  wheel  and  retard  its  motion.  For  the  same  reason,  an- 
other course,  which  is  called  by  M.  Fabre  the  coarse  of  dis- 
charge, (le  coursier  de  d^charge,)  should  be  connected  with 
L  M  V  by  the  curve  V  N,  to  preserve  the  remaining  velocity 
of  the  water,  which  would  otherwise  be  destroyed  by  falling 
perpendicular  from  V  to  N.  The  course  of  discharge  is  re- 
presented by  V  Z,  sloping  from  the  point  O.  It  should  be 
about  16  yards  long,  having  an  inch  of  declivity  in  every  two 
yards.  The  canal,  which  reconducts  the  water  from  the 
course  of  discharge  to  the  river,  should  slope  about  four 
inches  in  the  first  200  yards,  three  inches  in  the  second  300 
yards,  decreasing  gradually  till  it  terminates  in  the  river.  But 
.if  the  river,  to  which  the  water  is  conveyed,  should,  whien 
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swollen  by  the  rains,  force  the  water  back  upon  the  wheel,  th« 
canal  must  have  a  greater  declivity,  in  order  to  prevent  this 
from  taking  place.  Hence  it  will  be  evident  that  very  accu- 
rate levelling  is  necessary  for  the  proper  formation  of  the 
mill-course. 

ON   SETTING   OUT    WATER-COURSES   AND    DAMS. 

The  most  ancient  mills  were  undershot- wheels  placed  in 
the  current  of  an  open  river,  the  building  containing  the  mill 
being  set  upon  piles  in  the  river.  It  would  soon  be  observed 
that  the  powerof  the  mill  would  be  greatly  increased  if  all  the 
water  of  the  river  was  concentrated  to  the  wheel,  by  making 
an  obstruction  across  the  river  which  penned  up  the  water  to  a 
required  height;  and  also  to  form  a  pool  or  reservoir  of  water* 
A  sluice  or  shuttle  would  then  become  necessary  to  regulate 
the  admission  of  water  to  the  wheel,  and  other  sluices  would 
be  necessary  to  allow  the  water  to  escape  in  times  of  floods; 
for  though  in  ordinary  times  the  water  would  run  over  the 
top  of  the  obstruction  or  dam,  yet  a  very  great  body  of  water 
running  over  might  carry  away  the  whole  work,  by  washing 
away  the  earth  at  the  foot  of  the  dam,  and  then  overturning 
it  into  the  excavation.  This  is  an  accident  which  frequently 
happens  to  mills  so  situated ;  and  the  danger  is  so  obvious, 
that  most  water-mills  are  now  removed  to  the  side  of  the 
river,  and  a  channel  is  dug  from  the  river  to  the  mill  to  sup« 
ply  it  with  water,  and  another  to  return  the  water  from  the 
mill  to  the  river.  The  difference  of  level  between  these  two 
channels  is  the  fall  of  water  to  work  the  mill,  and  this  is  kept 
up  by  means  of  a  wear  or  dam  entirely  across  the  river,  but 
the  water  can  run  freely  over  this  dam  in  case  of  floods, 
without  at  all  affecting  the  mill,  because  the  entrance  to  the 
channel  of  supply  is  regulated  by  sluices  and  side-walls. 

The  dam  should  be  erected  across  the  river  at  a  broad 
part,  where  it  will  pen  up  the  water  so  as  to  form  a  large 
pond  or  reservoir,  which  is  called  the  mill-pond  or  dam-head. 
This  reservoir  is  useful  to  gather  the  water  which  comes 
down  the  river  in  the  night,  and  reserve  it  for  the  next  day's 
consumption ;  or  for  such  mills  as  do  not  work  incessantly, 
but  which  require  more  water,  when  they  do  work,  than  the 
ordinary  stream  of  the  river  can  supply  in  the  same  time. 
The  larger  the  surface  of  the  pond  is,  the  more  efficient  it 
will  be,  but  depth  will  not  compensate  for  the  want  of  sur- 
face, because,  as  the  surface  sinks,  when  the  water  is  drawn 
off,  the  fall  or  descent  of  the  water,  and  consequently  the 
power  of  the  water,  diminishes. 

The  dam  for  a  large  river  should  be  constructed  with  the 
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utmost  solidity ;  wood  framing  is  very  commonly  used,  bot 
masonry  is  preferable.  Great  care  must  be  taken,  by  driving 
pile  planking  under  the  dam,  to  intercept  all  leakage  of  the 
water  beneath  the  ground  under  the  dam,  as  that  loosens  the 
earthy  and  destroys  the  foundation  imperceptibly,  when  a 
violent  flood  may  overthrow  the  whole.  It  is  a  common 
practice  to  place  the  dam  obliquely  across  the  river,  with  a 
view  of  obtaining  a  greater  length  of  wall  for  the  water  to 
run  over,  and  consequently  prevent  its  rising  to  so  great  a 
hei^t,  in  order  to  give  vent  to  the  water  of  a  flood.  But 
this  is  very  objectionable,  because  the  current  of  water  con- 
stantly running  over  the  dam,  always  acts  upon  the  shore  or 
bank  of  the  river  at  one  point,  and  will  in  time  wear  it  away, 
if  not  prevented  by  expensive  works.  This  difliculty  is  ob* 
viated  by  making  the  dam  in  two  lengths  which  meet  in  an 
angle  >,  the  vertex  pointing  up  the  stream.  In  this  way 
the  currents  of  water,  coming  from  the  two  opposite  parts  of 
the  dam,  strike  together,  and  spend  their  force  upon  each 
other,  without  injuring  any  part.  A  still  better  form  is  a 
segment  of  a  circle,  which  has  the  additional  advantage  of 
strength,  because  if  the  abutments  at  the  banks  of  the  river 
are  firm,  the,  whole  dam  becomes  like  the  arch  of  a  bridge 
laid  down  horizontally.  This  was  the  form  generally  used 
by  Mr  Smeaton. 

The  foot  of  the  dam  where  the  water  runs  down  should 
be  a  regular  slope  with  a  curve,  so  as  to  lead  the  water  down 
regularly ;  and  this  part  should  be  evenly  paved  with  stone, 
or  planked,  to  prevent  the  water  from  tearing  it  up  when  it 
moves  with  a  great  velocity. 

When  the  fall  is  considerable,  it  may  be  divided  into  more 
than  one  dam;  and  if  the  lower  dam  is  made  to  pen  the 
water  upon  the  foot  of  the  higher  dam,  then  the  water  run- 
ning over  the  higher  dam,  will  strike  into  the  water,  and  lose 
its  force.  There  is  nothing  can  so  soon  exhaust  the  force  of 
rapid  currents  of  water,  as  to  fall  into  other  water,  because 
its  mechanical  force  is  expended  in  changing  the  figure  of 
the  water ;  but  when  it  falls  upon  stone  or  wood,  its  force  is 
not  taken  away,  but  only  reflected  to  some  other  part  of  the 
channel,  and  may  be  made  to  act  upon  such  a  great  extent 
of  surface  as  to  do  no  very  striking  injury  at  any  one  time ; 
but  by  degrees  it  wears  away  the  banks,  and  requires  con- 
stant repairs :  for  it  is  demonstrable,  that,  as  much  of  the 
force  of  thejwater  as  is  not  carried  away  by  the  rapid  mo- 
tion with  which  it  flows,  after  passing  the  dam,  must  be  ex- 
pended cither  in  changing  the  figure  of  the  water,  or  in 
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washing  away  the  banks,  or  in  the  friction  of  the  water  run- 
ning over  the  bottom. 

The  cotton-works  of  Messrs  Strutt,  at  Belper,  in  Derby- 
shire, are  on  a  large  scale,  and  the  most  complete  we  have 
ever  seen,  in  their  dams  and  water-works.  The  mills  are 
turned  by  the  water  of  the  river  Derwent,  which  is  very 
subject  to  floods.  The  great  wear  is  a  semicircle,  built  of 
very  substantial  masonry,  and  provided  with  a  pool  of  water 
below  it,  into  which  the  water  falls.  On  one  side  of  the 
wear  are  three  sluices,  each  20  feet  wide,  which  are  drawn 
up  in  floods,  and  allow  the  water  to  pass  sideways  into  the 
same  pool ;  and  on  the  opposite  side  is  another  such  sluice, 
22  feet  wide.  The  water  is  retained  in  the  lower  pool  by 
some  obstruction  which  it  experiences  in  running  beneath 
the  arches  of  a  bridge;  but  the  principal  fall  of  the  water 
is  broken  by  falling  into  the  water  of  the  pool,  beneath  the 
great  semicircular  wear. 

The  water  which  is  drawn  ofi*  from  the  mill-dam  above 
the  wear,  passes  through  three  sluices,  20  feet  wide  each, 
and  is  then  distributed  by  different  channels  to  the  mills, 
which  are  situated  at  the  side  of  the  river,  and  quite  secure 
from  all  floods.  There  are  six  large  water-wheels ;  one  of 
them,  which  is  40  feet  in  breadth,  we  have  mentioned,  from 
the  ingenuity  of  its  construction ;  and  another,  which  is  made 
in  two  breadths  of  15  feet  each,  we  have  also  described. 
They  are  all  breast-wheels.  The  iron-works  of  Messrs 
Walker,  at  Rotherham,  in  Yorkshire,  are  very  good  speci- 
mens of  water-works;  as  also  the  Canron-works  in  Scot- 
land.— Dr  Rees's  Cyclopadia  and  Dr  Brewster's  Ferguson. 

PENSTOCK. 

The  following  is  a  description  of  a  pentrough  and  stock  for 
equalizing  the  water  falling  on  water-wheels,  by  Mr  Quayle. 

To  ensure  a  regular  supply  of  water  on  the  wheel,  and  to 
obviate  the  inconveniences  arising  from  the  usual  mode  of 
delivering  it  from  the  bottom  of  the  pentrough,  this  method 
is  devised  of  regulating  the  quantity  delivered  by  a  float, 
and  taking  the  whole  of  the  water  from  the  surface. 

Section  of  the  pentrough.  Fig.  99.  A,  the  entrance  of  the 
water;  B,  the  float,  having  a  circular  aperture  in  the  centre, 
in  which  is  suspended  C,  a  cylinder,  running  down  in  the  case 
£  below  the  bottom  of  the  pentrough.  This  is  made  water- 
tight at  the  bottom  of  the  pentrough  at  F,  by  a  leather  collar 
placed  between  two  plates,  and  screwed  down  to  the  bottom. 

The  cylinder  is  secured  to  the  float  so  as  to  follow  its  rise 
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and  fall ;  and  the  water  is  admitted  into  it  through  the  opening 
in  its  sides,  and  there,  passing  through  the  box  or  case  E, 
rises  and  issues  at  G  on  the  wheel.  By  this  means,  a  uni- 
form quantity  of  water  is  obtained  at  G ;  which  qu^itity  can 
be  increased  or  diminished  by  the  assistance  of  a  small  rack 
and  pinion  attached  to  the  cylinder,  which  will  raise  or  de- 
press the  cylinder  above  or  under  the  water  line  of  the  float; 
and,  by  raising  it  up  to  the  top,  it  stops  the  water  entirely, 
and  answers  the  purpose  of  the  common  shuttle.  This  pin- 
ion is  turned  by  the  handle  H,  similar  to  a  winch-handle; 
and  is  secured  from  running  down  by  a  ratchet-wheel  at  the 
opposite  end  of  the  pinion  axis. 

K  and  L  are  two  upright  rods  to  preserve  the  perpen- 
dicular rise  and  sinking  of  the  float,  running  through  the 
float,  and  secured  at  the  top  by  brackets  from  the  sides. 

M,  a  board  let  down  across  the  pentrough  nearly  to  the 
bottom,  to  prevent  the  horizontal  impulse  of  the  water  from 
disturbing  the  float. 

Fig.  99*.  A  transverse  section,  showing  the  mode  of  fixing 
the  rack  and  pinion,  and  their  supports  on  the  float.  The 
rack  is  inserted  into  a  piece  of  metal  running  across  the 
cylinder  near  the  top.  That  the  water  may  pass  more  freely 
when  nearly  exhausted,  the  bottom  of  the  cylinder  is  not  a 
plane,  but  is  cut  away  so  as  to  leave  two  feet,  as  at  C,  fig. 
99.  The  float  is  also  kept  from  lying  on  the  pentrough  bot- 
tom by  four  small  feet ;  so  that  tho  water  gets  under  it  regu- 
larly from  the  first. 

Fig.  99^*.  An  enlarged  view  of  the  cylinder,  showing  the 
rack  and  ratchet-wheel,  with  the  clink  and  one  of  the  open- 
ings on  the  side  of  the  cylinder;  the  winch  or  handle  being 
on  the  opposite  side,  and  the  pinion,  by  which  the  rack  is 
raised,  enclosed  in  a  box  between  them. 

MR  SME axon's   PENTROUGH. 

Fig.  93^.  G  represents  the  pentrough  through  which  the 
water  flows,  and  F  F  strong  cross  beams  on  which  it  is  sup- 
ported ;  the  wheel  is  situated  very  close  beneath  the  bottom 
of  the  trough,  as  the  figure  shows.  E  E  are  twp  arms  of  the 
wheel,  which  are  put  together,  as  shown  in  fig.  110.  '  BD  is 
the  wooden  rim  of  the  wheel ;  the  narrow  circle  beyond  this  is. 
the  section  of  the  sole  planking,  and  on  the  outside  of  this  the 
bucket-boards  are  fixed  as  the  figure  shows ;  one  of  the  bottom* 
boards,  6,  of  the  trough  at  the  end  is  inclined,  and  an  opening 
is  left  between  that  end  and  the  other  boards  of  the  bottom  to 
let  the  water  pass  through ;  this  opening  is  closed  by  a  sliding 
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shuttle  Cj  which  is  fitted  to  the  bottom  of  the  trough,  and 
can  be  moved  backwards  and  forwards  by  a  rod  d,  and  lever 
e,  which  is  fixed  into  a  strong  nx'isf;  this  axis  has  a  long 
lever  on  the  end,  which,  being  moved  by  the  miller,  draws 
the  shuttle  along  the  bottom  of  the  trough,  and  increases  or 
diminishes  the  aperture  through  which  the  water  issues.  The 
extreme  edge  of  the  shuttle  is  cut  inclined,  to  make  it  cor- 
respond with  the  inclined  part  6,  and  by  this  means  it  opens 
a  parallel  passage  for  the  water  to  run  throu^^h,  and  this 
causes  the  water  to  be  delivered  in  a  regular  and  even  sheet  ^ 
and  to  contribute  to  this  the  edge3  of  the  aperture  where 
the  water  quits  it  are  rendered  sharp  by  iron  plates;  the 
shuttle  is  made  tight. where  it  lies  upon  the  bottom  of  the 
trough,  by  leather,  so  as  to  avoid  any  leakage  when  the 
shuttle  is  closed.  When  the  wheel  is  of  considerable  breadth^ 
the  weight  of  the  water  might  bend  down  the  middle  of  the 
trough  until  it  touched  the  wheel ;  to  prevent  this,  a  strong 
beam,  O,  is  placed  across  the  trough,  and  the  trough  is  sus- 
pended from  this  by  iron  bolts  which  pass  through  grooves 
io  the  shuttle,  so  that  they  do  not  interfere  with  the  motion 
of  the  shuttle. 

MrNcfuaUU  took  out  a  patent,  in  October,  1812,  for  a  new 
oiethod  of  laying  water  upon  an  overshot-wheel,  (see  fig.  94,) 
which  he  thus  describes: — '4n  my  new  method  of  applying 
water  to  water-wheels,  I  cause  it  to  commence  its  action 
apon  a  pomt  of  the  wheel's  circumference,  which  is  about  53 
degrees  distant  from  the  vertex,  or  the  highest  point  thereofi 
instead  of  applying  it  at  the  top  of  the  wheel,  as  heretofore 
eommonly  practised  for  ovcrshot-wheels.  By  these  means  I 
cao  have  the  advantages  of  a  large  wheel  in  situations  where 
the  fall  would  only  allow  of  a  smaller,'  if  the  water  was  ap* 

rlied  at  the  top;  thus,  if  there  be  a  perpendicular  of  12  feet, 
cause  a  wheel  of  15  feet  diameter  to  be  made,  and  of  course 
the  water  must  be  made  to  act  upon  it  at  a  height  of  12  feet, 
which  is  three  feet  perpendicular  below  the  top  of  the  wheel, 
and  at  about  53  degrees  from  the  top,  measured  round  its 
circumference  as  above  stated.  I  make  the  pentrough  which 
brings  the  water  to  the  wheel  of  such  a  form  that  it  delivers 
the  water  from  the  bottom  of  it  though  the  floor,  and  is 
directed  at  such  an  angle  as  to  fall  into  the  buckets  nearly 
in  the  direction  of  the  wheel's  motion,  which  will  be  at  an 
iogle  of  75  degrees  with  the  horizon ;  the  shuttle  or  gate 
ilidea  upon  the  floor  of  the  trough,  so  as  to  cover  the  aper- 
ture, and  determine  the  quantity  of  water  to  be  let  out  upon 
the  wheel. 
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"The  exact  manner  of  carrying  this  principle  into  effect  is 
particularly  explained  by  the  annexed  draft,  which  is  a  verti- 
cal section  of  a  water-wheel  on  my  improved  plan.  In  this 
the  dotted  line  A  A,  fig.  1 16,  represents  the  level  of  the  water 
at  its  full  head,  and  B  the  level  of  the  tail-water  :  therefore 
A  B  is  the  extreme  fall,  A  C  is  the  depth  of  the  water  in  the 
pentrough.  Now  instead  of  the  common  practice  of  making 
a  wheel  of  the  diameter  equal  to  B  C,  I  make  the  wheel 
D  E  F  G  one-fourth  larger  than  B  C,  then  the  water  will  be 
delivered  upon  it  at  the  point  E.  The  floor  C  of -the  pen- 
trough  C  H  L,  does  not  come  up  to  meet  the  end  H  thereof, 
but  leaves  a  small  space  through  which  the  water  issues  in 
the  direction  of  the  dotted  line  I  I,  to  the  buckets  of  the 
wheel.  The  breadth  of  this  space  is  determined  by  the  shut- 
tle K,  which  lays  flat  upon  the  floor  of  the  pentrough,  and 
slides  over  the  aperture.  It  is  regulated  by  means  of  a  lever 
N,  acted  upon  by  a  screw,  rack,  or  t)ther  adjustment,  at  M, 
and  the  water  is  thus  delivered  in  a  very  thin  and  regular 
sheet  into  the  buckets." 

Fig.  117  represents  a  method  of  laying  on  water  which 
has  for  several  years  been  in  common  use  in  Yorkshire  and 
the  north  of  England.  In  this  the  water  is  not  applied  quite 
at  the  top  of  the  wheel,  but  nearly  in  the  same  position  as 
the  last  described ;  but  the  advantages  of  this  wheel  over  all 
others  is,  that  the  water  can  be  delivered  at  a  greater  or  less 
height,  according  to  the  height  at  which  the  water  stands  in 
the  trough ;  but  in  all  the  preceding  methods,  if  the  water  is 
subject  to  variations  of  height,  as  all  rivers  are,  then  the 
wheel  must  be  diminished,  so  that  in  the  lowest  state  of  the 
water  it  will  stand  a  sufficient  depth  above  the  orifice  in  the 
bottpm  of  the  trough  to  issue  with  a  velocity  rather  greater 
than  the  motion  of  the  wheel.  In  this  case,  when  the  water 
rises  to  its  usual  height,  or  above  it,  the  increase  of  fall  thus 
obtained  is  very  little  advantage  to  the  wheel ;  the  improved 
wheel  can  at  all  times  take  the  utmost  fall  of  the  water,  even 
when  its  height  varies  fi'om  three  to  four  feet.  A  A  is  the 
pentrough  made  of  cast-iron ;  the  end  of  it  is  formed  by  a 
grating  of  broad  flat  iron  bars,  which  are  inclined  in  the 
proper  position  to  direct  the  water  through  them  into  the 
buckets  of  the  wheel.  The  spaces  between  the  bars  are  shut 
up  by  a  large  sheet  of  leather,  which  is  made  fast  to  the 
bottom  of  the  iron  trough  at  a,  and  is  applied  against  the 
bars  ;  and  the  pressure  of  the  water  keeps  it  in  close  contact 
with  the  bars,  so  as  to  prevent  any  leakage.  This  is  the 
real  shuttle,  and  to  open  it  so  as  to  give  the  required  stream 
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of  water  to  the  wheel,  the  upper  edge  of  the  leather  is 
wrapped  round  a  smaller  roller,  b;  the  pivots  at  the  ends  of 
this  roller  are  received  in  the  lower  ends  of  two  racks,  which 
are  made  to  slide  up  and  down  by  the  action  of  two  pinions 
fixed  upon  a  common  axis  which  extends  across  the  trough; 
this  axis  being  turned,  raises  up  or  lowers  down  the  roller, 
and  the  leather  shuttle  winds  upon  it  as  it  descends,  or 
unwinds  from  it  as  it  ascends,  so  as  to  open  more  of  the 
spaces  between  the  bars  or  close  them,  as  it  is  required.  In 
order  to  make  the  roller  take  up  the  leather,  and  always  draw 
it  tight,  a  strap  of  leather  is  wound  round  the  extreme  ends 
of  the  rollers,  beyond  the  part  where  the  leather  shuttle  rolls 
upon  it  These  straps  are  carried  above  water  and  applied 
on  wheels,  which  wind  them  up  with  a  very  considerable 
tension,  by  the  action  of  a  band  and  weight  wrapped  on  the 
circumference  of  a  wheel,  which  is  on  the  end  of  the  axis  of 
those  wheels. 

The  water  runs  over  the  upper  side  of  the  roller,  and  flows 
through  the  spaces  between  the  grating  into  the  buckets  of 
the  wheel ;  the  descent  of  the  water  passing  through  the 
bars,  and  afterwards  in  falling  before  it  strikes  the  bottom 
of  the  bucket,  is  found  fully  sufficient  to  produce  the  necessa- 
ry velocity  of  the  water,  for  a  fall  of  four  inches  produces  a 
velocity  of  more  than  four  feet  per  second. 

We  recommend  this  as  the  best  n»ethod  of  applying  the 
water,  as  we  see  in  all  other  forms  that  a  much  greater 
portion  of  the  fall  is  given  up  in  order  to  make  the  water 
flow  into  the  wheel ;  not  that  any  such  depth  as  is  commonly 
given  is  at  all  necessary,  but  the  aperture  in  the  trough 
must  be  placed  so  low  that  the  water  will  run  through^-it  in 
the  very  lowest  states  of  the  water,  otherwise  the  wheel 
must  stop  at  such  tiroes. — Dr  Rees's  CydopiBdia.  Reperto- 
ry qfArts,  1813. 

SLUICE    GOVEBNOfi   70R    REGULATING    THE    INTRODUCTION   Or 
WATER  UPON  WATER-WHEELS  OF  ALL  KINDS. 

The  ingenious  Mr  Burns  actually  constructed  for  the  Cart- 
stde  Cotton  Mills,  the  sluice  governor,  represented  at  figs. 
118, 119, 120,  and  121,  which  was  considered  of  such  advan- 
tage as  to  produce  a  saving  of  more  than  lOOl.  per  annum. 

The  motion  of  the  water-wheel  is  communicated  by  a  belt 
or  rope  going  round  th6  pulley  I  to  the  axis.E  F,' which 
carries  the  balls  GH,  fig.  118.  This  motion  is  conveyed  to 
the  upright  shaft  T,  by  the  wheels  and  pinions  Q,  R,  S,  T, 
and  the  wheel  N  at  the  bottom  of  the  ^ft  drives  the  wheels 
P 
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O,  P,  figs.  119  and  120,*  ih  opposite  directions.  When  the 
Telocity  of  the  wheel  is  biich^as  is  required,  the  wheels  O,  P, 
move  loosely  about  the  axis,^nd  carry  the  motion  no  farther. 
But  when  the  velocity  of  tt)0^heel  is  too  great,  the  balls 
G,  H,  separated  by  the  incfe^  of  centrifugal  force,  raise 
the  box  a  upon  the  shaft  E  F.  •  'An  iron  cross  6  c,  see  fig.  121, 
is  fitted  into  the  box  a.  This  cross' works  in  the  four  prongs 
of  the  fork  ebc,  fig.  1 19,  at  the  end  of  the  lever  d  q/  c,  which 
moves  horizontally  round/ as  its  centre  of  motion.  When 
the  box  a  is  stationary,  which  is  when  the  wheel  has  its 
proper  velocity,  the  iron  cross  works  within  two  of  the 
prongs  so  as  not  to  affect  the  lever  afc,  but  to  allow  the 
clutch  q  q,  fixed  at  the  6nd  df  the  lever,  to  be  disengaged 
from  the  wheels.  Whed  the  cross  6  c  rises,  it  strikes  in 
turning  round  the  prong  3,  see  fig.  121,  which  drives  aside  the 
lever  6/  a,  and  throws  the  clutch^?  into  the  arms  of  the 
wheel  P,  figs.  1 1 9,  120.  This  causes  it  to  drive  round  the  shaft 
D  C  in  one  direction.  When  the  iron  cross  b  c,  on  the 
contrary,  is  depressed  by  any  diminution  in  the  velocity  of 
the  wheel,  it  strikes  in  turning  round  the  prong  4,  which 
pushes  aside  the  lever  e/d,  and  throws  the  clutch  q  into  the 
wheel  O.  This  causes  the  wheel  O  to  drive  the  shaft  in  an 
opposite  direction  to  that  in  which  it  was  driven  by  P. 
Now  the  shaft  D  C,  which  is  thus  put  in  motion,  drives,  by 
nieans  of  the  pinion  C  and  wheel  B,  the  inclined  shaft  B  W, 
which,  by  an  endless  screw,  X,  working  in  the  toothed 
quadrant  Z,  elevates  or  depresses  the  sluice  K  L,  and  admits 
a  greater  or  a  less  quantity  of  water,  according  to  the  motion 
given  to  the  shaft  by  the  wheel  P  or  O.  This  change  in 
the  aperture  is  produced  very  gradually,  as  the  train  of  wheel- 
work  is  made  so  as  to  reduce  the  motion  at  the  sluice.  The 
centre  in  which  the  sluice  turns  should  be  one-third  of  its 
height  from  the  bottom,  in  order  that  the  pressure  of  the  wa- 
ter on  the  part  above  the  centre  may  balance  the  pressure 
on  the  part  below  the  centre. 

MR  VEHGUSON's  rules  FOR  THE  CONSTRUCTION  OF    Uin»«R8BOT 
WATER-MILLS. 

When  the  fioat-boards  of  the  water-wheel  move  with 
a  third  part  of  the  velocity  of  the  water  that  acts  upon  then, 
the  water  has  the  greatest  power  to  turn  the  mill :  nnd  when 
the  mill-stone  makes  about  60  revolutions  in  a  minute,  it  is 
found  to  do  its  work  t|ie1)est.  For,  when  it  makes  but  about 
40  or  50  it  grinds  tio  sfbwly,'  and  when  it  makes  more  than 
70,  it   heats    the  'n^'arl  too  much,  and  cuts   the   bran  so 
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smalt,  that  a  great  part  thereof  mixes  with  the  meal,  and 
cannot  be  separated  from  it  by  sifting  or  boulting.  Conse- 
quently, the  utmost  perfection  of  mill-work  lies  in  making 
the  train  so,  as  that  the  mill-stone  shall  make  about  60  turns 
in  a  minate  when  the -water-wheel  moves  with  a  third  part 
of  the  Telocity  of  the  water.  To  have  it  so,  observe  the  fbl- 
lowioff  rules : 

1.  Measure  the  perpendicular  height  of  the  fall  of  water, 
in  feet,  above  the  middle  of  the  aperture,  where  it  is  let  out 
to  act  by  impulse  against  the  iloat-boards  on  the  lowest  side 
of  the  undershot-wheel. 

2.  Multiply  this  constant  number  64.2882,  by  the  height  of 
the  fell  in  feet,  and  extract  the  square  root  of  the  pr^uct, 
which  shall  be  the  velocity  of  the  water  at  the  bottom  of  the 
fall,  or  the  number  of  feet  the  water  moves  per  second. 

3.  Divide  the  velocity  of  the  water  by  3,  and  the  quotient 
shall  be  the  velocity  of  the  floats  of  the  wheel,  in  feet,  per 
second. 

4.  Divide  the  circumference  of  the  wheel  in  feet,  by  the 
velocity  of  its  flotfts,  and  the  quotient  will  be  the  number  of 
seconds  in  one  turn  or  revolution  of  the  grec^t  water-wheel  on 
whose  axis  the  cog-wheel  that  turns  the  trundle  is  fixed. 

5.  Divide  60  by  the  number  of  seconds  in  a  turn  of  the  wa- 
ter-wheel, or  cog-wheel,  and  the  quotient  will  be  the  number 
of  turns  of  either  of  these  wheels  in  a  minute. 

6.  By  this  number  of  turns  divide  60,  (the  number  of  turns 
the  mill-stone  ought  to  have  in  a  minute,)  and  the  quotient 
will  be  the  number  of  turns  the  mill-stone  ought  to  have  for 
one  turn  of  the  water  or  cog-wheel.    Then, 

7.  As  the  required  number  of  turns  of  the  mill-stone  in  a 
minute  is  to  the  number  of  tnrns  of  the  cog-wheel  in  a  minute, 
so  most  the  nuipber  of  cogs  in  the  wheel  be  to  the  number  of 
staves  in  the  trundle  on  the  axis  of  the  mill-stone,  in  the 
pearest  whole  number  that  can  be  found.  By  these  rules  the 
following  table  is  calculated ;  in  which  the  diameter  of  the 
water-wheel  is  supposed  to  be  18  ieet,  (and  consequently  its 
circumfevence  &6<^  feet,)  and  the  distance  of  the  mill-stone 
to  be  five  feet. 
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H 

•1 1 

11 

Velocity  of  the  w»ter,  in 
feet,  per  second. 

a 
% 

•w 

1 

B  fit 
>-  S 

Required  number  of  turns 
of  the   millstones  for 
each  turn  of  the  wheel. 

II 

!l 

Is 

i 

Number  of  turns  of  the 
mill-stone  for  one  turn 
of  the  wheel  by  these 
cog^  and  staves. 

Number  of  turns  of  tne 
mill-stone  in  a  minute 
by    theie    co||;t    Mtd 
•Uvea. 

I 

8.02 

2,67 

2.63 

21.20 

Cop.  Suns. 

127     6 

21.17 

59.91 

2 

11.40 

3.72 

4.00 

15.00 

105 

7 

15.00 

60.00 

3 

13.89 

4.63 

4.91 

12.22 

98 

8 

12.25 

60.14 

4 

16.04 

5.35 

5.67 

10.58 

95 

9 

10.56 

69.87 

5 

17.93 

5.98 

6.34 

9.46 

66 

9 

9.44 

59.84 

6 

19.64 

6.55 

6.94 

8.64 

78 

9 

8.66 

60.10 

7 

21.21 

7.07 

7.50 

8.00 

72 

9 

8.00 

60.00 

8 

22.68 

7.56 

8.02 

7.48 

67 

9 

7.44 

69.67 

9 

24.05 

8.02 

8.51 

7.05 

70 

10 

7.00 

59.57 

10 

25.36 

8.45 

8.97 

6.69 

67 

10 

6.70 

60.09 

11 

26.59 

8.86 

9.40 

6.38 

64 

10 

6.40 

60.16 

J2 

27.77 

9.26 

9.82 

6.11 

61 

10 

6.10 

69.90 

13 

28.91 

9.64 

10.22 

5.87 

69 

10 

6.90 

60.18 

14 

30.00 

10.00 

10.60 

5.66 

56 

10 

5.60 

69.36 

15 

31.05 

10.35 

10.99 

5.46 

65 

10 

5.40 

50.48 

16 

32.07 

10.69 

11.34 

5.29 

53 

10 

5.30 

60.10 

17 

33.06 

11.02 

11.70 

5.13 

51 

10 

5.10 

59.67 

18 

34.12 

11.34 

12.02 

4.90 

50 

10 

5.00 

60.10 

19 

34.95 

11.65 

12.37 

4.85 

49 

10 

4.80 

60.61 

20 

35.86 

11.92 

12.68 

4.73 

47 

10 

4.70 

69.59 

1 

2 

3 

4 

5 

6 

7 

8 

Exompfe.-^uppose  an  undershot-mill  is  to  be  built  where 
the  perpendicular  height  of  the  fall  of  water  is  nine  feet ;  it 
is  required  to  find  how  many  cogs  must  be  in  the  wheel,  and 
how  many  staves  in  the  trundle,  to  make  the  mill-stone  go 
about  CO  times  round  in  a  minute,  while  water-wheel  floats 
move  with  a  third  part  of  the  velocity  with  which  the  water 
spouts  against  them  from  the  aperture  at  the  bottom  of  the  fall. 

Find  9,  (the  height  of  the  fall,}  in  the  first  column  of  the 
table ;  then  against  that  number  in  the  sixth  column,  is  70 
for  the  number  of  cogs  in  the  wheel,  and  10  for  the  number 
of  staves  in  the  trundle ;  and  by  these  numbers  we  find  in 
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the  eighth  column  that  the  mill-stone  will  make  59-^  turns 
in  a  minute,  which  is  within  half  a  turn  of  60,  and  near  enough 
for  the  purpose  ;  as  it  is  not  absolutely  requisite  that  there 
should  be  just  60  without  any  fraction  :  and  throughout  the 
whole  table  the  number  of  turns  is  not  quite  one  more  or 
less  than  60. 

The  diameter  of  the  wheel  being  18  feet,  and  the  fall  of 
water  nine  feet,  the  second  column  shows  the  velocity  of  the 
water  at  the  bottom  of  the  fall  to  be  24^|^  feet  per  second; 
the  third  column  the  velocity  of  the  float-boards  of  the  wheel 
to  be  8yf^  feet  per  second ;  the  fourth  column  shows  that  the 
wheel  will  make  8^'^  turns  in  a  minute;  and  the  sixth  co- 
lumn shows  that  for  the  mill-stone  to  make  exactly  60  turns 
in  a  minute,  it  ought  to  make  7^|.^,  (or  seven  turns  and  one- 
twentieth  part  of  a  turn,)  for  one  turn  of  the  wheel. 

Dr  Brewster,  in  the  valuable  Appendix  which  he  has  an- 
nexed to  bis  edition  of  Mr  Ferguson's  works,  shows,  that  the 
principles  upon  which  the  above  table  is  calculated,  are  erro- 
neous, owing  to  the  author  having,  with  Desagulier  and  Mac- 
iaurin,  embraced  M.  Parent's  theory,  which  Mr  Smeaton,  by 
repeated  experiments,  proved  to  be  incorrect. 

The  constant  number  used  by  Mr  Ferguson  for  finding  the 
velocity  of  the  water  from  the  height  of  the  fall,  64.2882,  ap- 
pears to  be  also  wrong.  For,  from  some  recent  experiments 
made  by  Mr  Whitehuwt  on  pendulums,  it  is  found  that  a 
heavy  body  falls  16.087  feet  in  a  second  of  time :  consequent- 
ly the  constant  number  should  be  64.348. 

Dr  Brewster  then  states,  that  in  Mr  Ferguson's  table 
the  velocity  of  the  mill-stone  is  too  small ;  and  Mr  Imison, 
in  correcting  this  mistake,  has  made  the  velocity  too  great. 
From  this  circumstance,  the  Mill-wrights'  Table,  as  hitherto 
published,  is  fundamentally  erroneous,  and  is  more  calculat- 
ed to  mislead  than  to  direct  the  practical  mechanic.  Pro- 
ceeding, therefore,  upon  the  practical  deductions  of  Smeaton, 
as  confirmed  by  theory,  and  employing  a  more  correct  con- 
stant number,  and  a  more  suitable  velocity  for  the  mill-stone, 
we  may  construct  a  new  Mill-wrights'  Table  by  the  follow- 
ing rules: 

1.  Find  the  perpendicular  height  of  the  fall  of  water  in 
feet  above  the  bottom  of  the  mill-course,  at  K,  ffig.  100,) 
and  having  diminished  this  number  by  one-half  of  the 
natural  depth  of  the  water  at  K,  call  that  the  height  of  the 
fall. 

2.  Since  bodies  acquire  a  velocity  of  32.174  feet  in  a  se* 
cond,  by  falling  through  16.087  feet,  and  since  the  velocities 
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of  {ailing  bodies  are  as  the  square  roots  of  the  heights  through 
which  they  fall,  the  square  root  of  16.087  will  be  to  the 
square  roots  of  the  height  of  the  fall,  as  32.174  to  a  fourth 
number,  which  will  be  the  velocity  of  the  water.  Therefore 
the  velocity  of  the  water  may  be  always  fiiHind  by  multiplying 
32.174  by  the  square  root  of  the  height  of  the  fall,  and  divid- 
ing that  product  by  the  square  root  of  16.087.  Or  it  may  be 
found  more  easily  by  multiplying  the  height  of  the  fall  by 
the  constant  number  64.348,  and  extracting  the  square  root 
of  the  product,  which,  abstracting  the  effects  of  friction,  will 
be  the  velocity  of  the  water  required. 

3.  Take  one-half  of  the  velocity  of  the  water,  and  it  will 
be  the  velocity  which  must  be  given  to  the  float-boards,  or 
the  number  of  feet  they  must  move  through  in  a  second,  in 
order  that  the  greatest  effect  may  be  produced. 

4.  Divide  the  circumference  of  the  wheel  by  the  velocity 
of  its  float-boards  per  second,  and  the  quotient  will  be  the 
number  of  seconds  in  which  the  wheel  revolves. 

5.  Divide  60  by  this  last  number,  and  the  quotient  will 
be  the  number  of  revolutions  which  the  wheel  performs  in  t 
minute.  Qr  the  number  of  revolutions  performed  by  the 
wheel  in  a  minute,  may  be  found  by  multiplying  the  velocity 
of  the  float-boards  by  60,  and  dividing  the  product  by  the 
circumference  of  the  wheel,  which  in  the  present  case  is 
47.12.  ^ 

6.  Divide  90,  (the  number  of  revolutions  which  a  mill-stone 
five  feet  diameter  should  perform  in  a  minute,)  by  the  num- 
ber of  revolutions  made  by  the  wheel  in  a  minute,  and  the 
quotient  will  be  the  number  of  turns  which  the  mill-etone 
ought  to  make  for  one  revolution  of  the  wheel. 

7.  Then,  as  the  number  of  revolutions  of  the  wheel  in  a 
minute  is  to  the  number  of  the  revolutions  of  the  mill-stones 
in  a  minute,  so  must  the  number  of  staves  in  the  trundle  be 
to  the  nuipber  of  teeth  in  the  wheel,  in  the  nearest  whole 
numbers  that  can  be  found. 

8.  Multiply  the  number  of  revolutions  performed  by  the 
wheel  in  a  minute,  by  the  number  of  revolutions  made  by 
the  mill-stone  for  one  of  the  wheel,  and  the  product  will  be 
the  number  of  revolutions  performed  by  the  mill-stone  in  a 
minute. 

In  this  manner  the  following  table  has  been  calculated  for 
a  watei^wheel  15  feet  in  diameter,  which  is  a  good  medium 
size,  the  mill-stone  being  five  feet  in  diameter,  and  revolv- 
ing 90  times  in  a  minute. 
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DR  BREWSTER'S  MILL-WRIGHT'S  TABLE. 

Jn  which  the  velocity  of  the  whed  ia  three-aeoenthe  of  the 
velocity  of  the  water,  and  the  ^ects  of  friction  on  the  velo- 
city of  the  ttream  reduced  to  computoiion. 


Height  of  the  M   of 
water. 

Velocify   of  the   water 
per    second,    fHction 
being  considered. 

Velocity  of    the  wheel 
per  second,  being  3- 
7ths  that  of  the  water. 

Revoliitions  of  the  wheel 
per  minute,  its  diame- 
ter being  15  feet. 

RevolatTons     for     miU- 
stone,  for  one  of  the 
wheel. 

.s  « 

1^ 

Revolutions  of  the  mill- 
stones per  minute  by 
these  staves  and  teeth. 

F.M. 

100  puu 
Feet.    oTa 
foot 

100  porta 
Feet,    of  a 
Aot. 

100  pana 
Rev.    ofa 
Sot. 

100  puts 
Rer.   ofm 
Ber. 

Teetb.flOW«. 

lOOparU 

Bev.   ofa 

Kev. 

1 

7.62 

3.27 

4.16 

21.63 

130    6 

89.98 

2 

10.77 

4.62 

5.88 

15.31 

92     6 

90.02 

3 

13.20 

5.66 

7.20 

12.50 

100     8 

90.00 

4 

15.24 

6,53 

8.32 

10.81 

97     9 

89.94 

5 

17.04 

7.30 

9.28 

9.70 

97  10 

90.02 

6 

18.67 

8.00 

10.19 

8.83 

97  11 

89.98 

7 

2ai5 

8.64 

10.99 

8.19 

90  11 

90.01 

e 

21.56 

9.24 

11.76 

7.65 

84  11 

89.96 

9 

22.86 

9.80 

12.47 

7.22 

72  10 

90.03 

10 

24.10 

10.33 

13.15 

6.84 

82  12 

89.95 

11 

25.27 

ia83 

13.79 

6.53 

85  13 

90.05 

12 

26.40 

11.31 

14.40 

6.25 

72  12 

90.00 

13 

27.47 

11.77 

14.99 

6.00 

72  12 

89.94 

14 

28.51 

12.22 

15.56 

6.78 

75  13 

89.94 

15 

29.52 

12.65 

16.13 

5.68 

67  12 

90.01 

16 

30.48 

13.06 

16.63 

5.41 

65  12 

89.97 

17 

31.42 

13.46 

17.14 

5.25 

63  12 

89.99 

18 

32.33 

13.86 

17.65 

5.10 

61   12 

90.01 

19 

33.22 

14.24 

18.13  . 

4.96 

64  13 

89.92 

20 

34.17 

14.64 

18.64 

4.83 

58  12 

89.84 

1 

2 

»    1 

4 

5 

6 

7 
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TREATISES  ON  MILL-WORK. 

KUnsliche  abriss  Allerhand,  Wasser,  Wind,  Ross,  und  Hand-muhlen.  8cc. 
Ton  Jacob,  de  Strada  a  Rosberg.  1617. 

Georg.  Christoph.  Luerner  Machina  toreutica  nova ;  oder  beschreibun^ 
der  neu  erfundenen  Drehmuhlen,  1661. 

Theatrum  Machinanim  Novum  ;  das  ist,  neu  vermehrter  Schanplatz  der 
Mechanischen  Kiinste,  handelt  von  Allerhand,  Wasser,  Wind,  Ross,  Ge> 
wicht  und  Hand  miihlen,  von  Geo.  And.  Bocklern,  1661. 

Contenta  discursus  Mecbanici,  concernentis  Descriptionem  Optimat 
fbrmea  Velorum  horizontalium  pro  usu  Molarum,  nee  non  fundamentum 
inclinatorum  Veloram  in  Navibus,  habita  coram  Societate  Regfia,  a  R.  H. 
translata  ex  Collectionibus  Philosophicis  M.  Dec.  nuiki.  S,  pa.  61,  1681. 

Dissertatio  Historica  de  Molis,  quam  prxside  Job.  Phil.  Treuer  defend. 
Jo.  Tob.  MUhlberg-er  Ratisbonens  Jenx,  1695. 

Martin  Marten's  Wiskundige  beschouwinge  der  Wind  of  Wadermoolens, 
verg^leken  met  die  van  den  neer  Johann  Lulofs,  Amsterdam,  1700. 

VoUstandige  MUhlen-baukunst,  von  Leonhard  Christoph.  Sturm.  1718. 

Jacob  Leopold's  Theatrum  Machinanim  Molinarum,  folio,  1724^  1725. 

Remarques  sur  les  Aubes  ou  Palettes  des  Moulins,  et  autres  Machines 
mues  par  le  Courant  des  Rivieres,  par  M.  Pitot,  Mem.  Acad.  Roy.  Paris,  1729. 

Job.  van  Zyl  Theatrum  Machinanim  Universale  of  Groot  Algemeen, 
Moolenbock,  &c  Amsterdam,  1734. 

Jo.  Caral.  Totens  Disser.  de  Machiius  Molaribis  optime  construendis, 
Lugd.  Batav.  1734. 

Kurze,  aber  Deutliche  anweisung  ziir  construction  der  Wind  und  Wasser- 
muhlen,  von  Gottfr.  Kiuderling,  1735. 

Desaffulier's  Experimental  Philosophy,  2  vols.  4to.  1735,  1744. 

Architecture  Hydraulique,  par  M.  Belidor,  4  vols.  4to.  1737—1753. 

Mr  W.  Anderson,  F.  R.  S.  Description  of  a  Water-wheel  for  Mills. 
Phil.  Trans,  vol.  44,  1746. 

Leonh.  Euleri,  De  Constructione  aptissima  Molarum  alatanim  disp.  Nov. 
Com.  Acad.  Petrop.  torn.  4,  1752. 

M^moire  dans  lequel  on  d^montre  que  I'Eau  d'une  Chftte,  destine  a 
fidre  mouvoir  quelque  Moulin  ou  autre  Machine,  peut  toujours  produire 
beaucoup  plus  d'efieten  agissant  par  son  poids  qu'en  agissant  par  son  choc, 
et  que  le  roues  ^  pots  qui  toument  vite,  relativement  aux  ch(ktes  et  anx 
d^penses  d'eau,  par  M.  de  Parcieux,  Acad.  Roy.  Paris,  1754. 

Jo.  Alberti  Euleri  Enodatio  Questionis:  quo  roodo  vis  Aqus  aluisve  fluidi 
cum  maximo  lucro  ad  Molas  circumafendas,  aliave  opera  perficienda  im- 
pendi  possit,  praemio  i  Societate  Regia.  Sci.  Getting.  1754. 

An  experimental  Inquiry  concerning  the  Natural  Powers  of  Wind  and 
Water  to  turn  Mills  and  other  Machines  depending  on  Circular  Motion,  by 
Mr  J.  Smeaton,  F.  R.  S.  Phil.  Trans.  1759. 

This,  and  Mr  Smeaton's  other  papers  are  republished  with  his  Reports, 
1813,  m  4to. 

Mimoire  dans  lequel  on  prouve  que  les  Aubes  de  Roues  mues  par  les 
counins  de  gprandes  Rivieres  feroient  beaucoup  plus  d'effet  si  elles  ^toient 
inclin^es  aux  rayons,  qu'elles  ne  font  ^tant  appliqu^es  centre  les  rayons 
mftmes,  comme  elles  sont  aux  Moulins  pendans  et  aux  MQulins  sur  Bateaux 
qui  sont  sur  les  Rivieres  de  Seine,  de  Blame,  de  Loire,  &c.  par  M.  de  Par^ 
cieux.  Mem.  Acad.  Roy,  Paris,  1759. 

Job.  Albert  Euler's  AbhandJung  von  der  bewegung  ebener  Flachen, 
wen  sie  vom  Winde  Getrieben  Werden,  1765. 

Schauplatz  des  Mechanischen  Muhlenbaues,  Darinnen  von  Yerschiedenen 
Hand,  T^'ett,  Ross,  Gewicht,  Wasser,  und  Wind-miihlen  Gehandelt  Wird« 
durch  Johan  Geor^.  Scopp.  J.  C.  iter  Theil,  1766. 

Theatrum  Biachinarum  Molarium,  oder  schauplatz  der  MUhlenbaukunst, 
als  der  Neunte  theil  von  des  ssl  hm  Jac  Leopolds,  Theatro  Machinanim, 
von  Job.  Mathias  Beyem,  1767,  1788, 1802. 
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A  memoire  concerning  the  most  tdvantageous  Construction  of  Water- 
wheels,  &c.  by  Mr  MjJlet  of  Geneya,  Phil.  Trans.  1767. 

Memoire  sur  les  Roues  Hydrauliques,  par  M.  le  Chevalier  de  Borda,  Mem. 
Acad-  Roy.  Paris,  1767. 

Kurzer  unterricht,  allerley  arten  von  Wind  und  Wasser-miihlen  auf  di- 
Tortheilhafleste  weise  zu  erbauen,  nebst  einigen  gedanker  Uber  die  verbes- 
sening  des  raderwerks,  an  den  milhlen,  von  Job.  Konig»  1767. 

G.  G.  Bischoff's  Beytrage  zur  Mathesis  der  Mtthlen,  1767. 

Determination  g^n^rale  de  TEffet  des  Roues  mues  par  le  Choc  de  I'Eau, 
par  M.  VAbh6  Bossui,  Mem.  Acad.  Roy.  Paris,  1769. 

Andreas  Kaovenhofer,  Deutliche  abhandlung  von  den  radem  der  Wasser- 
miihlen,  und  ron  dem  einrandigen  werke  der  Schneidemilhlen,  1770. 

Manuel  du  Meunier  et  du  Chaipentier  des  MouUns,  redig€  par  £dm. 
Bequillet,  1775. 

Remarques  sur  les  Moulins  et  autres  Machines,  oii  PEau  tombe  en  dessus 
de  la  Roue,  par  M.  Lambert 

Experiences  et  Remarques  sur  les  Houlins  que  PEau  meut  par  en  bas 
dans  une  Direction  horizontale,  par  M.  Lambert 

Remarques  sur  les  Moulins  et  autres  Bfachines,  dont  les  Roues  prenant 
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WINDMILLS. 

The  windmill  derives  its  name  from  the  motion  it  receives 
from  the  impulse  of  the  wind. 

The  date  of  its  invention  is  not  precisely  known,  though 
authors  generally  concur  in  believing  it  to  have  taken  place 
at  no  very  distant  period  of  time.  Some  state  it  to  have 
been  first  used  in  France  in  the  sixth  century :  others,  on 
the  contrary,  assert^  that  at  the  time  of  the  crusades  it  was 
introduced  inta  Europe  from  the  east,  where  scarcity  of  water 
gave  the  impetus  that  led  to  its  discovery. 

Windmills  are  of  two  kinds,  horizontal  and  vertical. 

THE    VERTICAL   WINDMILL 

Consists  of  a  strong  shaft,  or  axis,  inclining  a  little  upwards 
from  the  horizon,  with  four  long  yards,  or  arms,  fixed  to  the 
highest  end,  perpendicular  to  the  shaft,  and  crossing  each 
other  at  right  angles.  Into  these  arms  are  mortised  several 
small  cross-bars,  and  to  them  are  fastened  two,  three,  or  four, 
long  bars,  running  in  a  direction  parallel  with  the  Icnsth  of 
the  arms ;  so  that  the  bars  intersect  each  other,  and  form  a 
kind  of  lattice  work,  on  which  a  cloth  is  spread  to  receive  the 
action  of  wind.  These  are  called  the  sails,and  are  in  the  shape 
of  a  trapezium,  usuallv  about  nine  yards  long  and  two  wide. 

As  the  direction  of  the  wind  is  very  uncertain,  and  per- 
petually changing,  it  becomes  necessary  to  have  some 
contrivance  for  bringing  the  windshaft  and  sails  into  a  posi- 
tion proper  for  receiving  its  impression.  To  effect  this,  two 
methods  are  in  general  use :  the  one  called  the  post-mill ; 
the  other  the  smock-mill. 

POST-MILLS. 

In  the  pest-mill  it  is  accomplished  by  driving  perpendicularly 
into  the  earth  the  trunk  of  a  strong  tree,  that  is  held  securely 
upright  by  several  oblique  braces,  which  extend  from  a 
platform  on  the  ground  to  the  middle  of  the  tree,  leaving  10 
or  12  feet  of  the  upper  part  free  from  the  braces.  The  part 
thus  left  free  from  obstruction  is  rounded,  and  made  to  pass 
through  a  circular  collar,  formed  in  the  flooring  of  the  lower 
chamber,  and  to  enter  into  a  socket  fixed  into  the  flooring  of 
the  upper  chamber,  and  to  one  of  the  strongest  cross-beams, 
which  must  sustain  the  whole  weight  of  the  mill-house,  so 
that,  by  means  of  a  pivot,  or  gudgeon,  fastened  on  that  part 
of  the  post  which  enters  into  the  socket,  the  whole  machine 
can  turn  about  horizontally  to  face  the  wind.    A  strong 
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framing,  united  by  joints  to  the  back  part  of  the  mill-house, 
descends  in  a  sloping  direction  till  it  touches  the  ground  i 
the  bottom  of  it  is  very  heavy,  and  is  fastened  by  cords  to 
some  short  posts  that  are  driven  in  a  circle,  at  regular  inter- 
vals round  the  mill,  to  prevent  the  mill  from  turning  about 
at  every  sudden  squall.  This  framing  is  furnished  with  steps 
to  serve  as  a  ladder  of  ascent  or  descent.  At  the  bottom  of 
it  a  rope  is  fastened,  and  carried  thence  in  an  inclined  posi- 
tion to  the  top  of  the  mill,  where,  by  a  lever  or  tackle  of 
puUies,  it  can  be  shortened  so  as  to  raise  the  framing  from 
the  ground,  and  then  by  pushing  against  it  in  the  manner  of  a 
lever,  the  whole  mill  may  be  turned  in  any  required  direction. 
To  obtain  more  force,  a  small  capstan  is  often  provided  to  draw 
a  rope  fixed  to  the  end  of  the  ladder :  this  capstan  is  movable^ 
and  can  be  fastened  at  pleasure  to  any  one  of  the  posts. 

The  internal  mechanism  of  a  post-mill  is  exhibited  in  %.  123.  W  X  Y 
the  upper  chamber ;  X  T  Z  the  lower  one ;  A  B  the  shaft,  or  axis,  with  the 
cog-wheel  G,  moving  round  in  order  of  the  letters  that  describe  the  sails 
C  D  E  F,  giving  motion  to  the  lantern  H»  and  its  spindle  IK;  L  M  is  a 
bridge  to  support  the  said  spindle  ;  and  N  and  O  P  are  beams  to  sustain 
the  bridge.  The  top  mill-stone  Q  is  the  only  one  that  moves,  and  is  fixed 
on  the  spindle  I  K  by  a  piece  of  iron,  called  the  rynd,  let  in  at  the  lower 
part  of  ^e  stone ;  the  lower  mill-stone  R,  is  somewhat  larger  than  the 
other.  The  com  is  put  into  the  hopper  S,  and  runs  from  thence  along  the 
^[MXit  T;  the  spindle  I  K,  being  square,  shakes  in  its  revolutions  the 
spottt  T,  and  causes  the  com  to  fiill  through  the  hole  V  between  the  stones, 
where  it  is  ground;  the  flour  then  passes  through  the  tunnel  a  6,  and  is 
finally  deposited  in  the  chest  c;  deisa.  string  g^ing  round  the  pin  d,  and 
serving  to  draw  the  spout  T  nearer  to,  or  farther  from,  the  spindle  I K,  that 
the  com  may  be  made  to  run  out  either  faster  or  slower,  according  to  the 
velocity  of  the  wind ;  fg  and  h  i  are  levers,  whose  centres  of  motion  are/ 
and  m  ;  i  /  n  p  is  a  cord  going  about  the  pins  I  and  n  to  wind  up  and  nuse 
the  stone  Q.  By  bearing  down  the  end  r  k^  g\a  raised,  which  raises  the 
perpendicular  N  O,  the  perpendicular  raises  the  cross-beam  O  P,  the  cross- 
beam the  bridge  L,  M  and  the  spindle  I  K,  together  with  the  upper  mill- 
stone Q«  so  that  the  stones  can  be  set  at  any  required  distance  apart  The 
com  is  drawn  up  to  the  top  of  the  mill  by  means  of  a  rope  rolled  about  the 
axis  A  B  ;  qr'isti  ladder  for  ascending  to  the  higher  part  of  the  mill.  A 
girt  or  gripe  of  pliable  wood  is  fixed  at  one  end  «,  and  at  the  other  tied  to 
the  lever  i  v,  movable  about  at  w,  which  bein^  pressed  down  stops  the 
pootion  of  the  mill  at  pleasure.  When  the  wind  is  great,  the  sails  are  only 
in  part,  or  on  one  side  covered,  and  sometimes  only  one  half  of  two  op- 
posite sails.  The  same  shaft  can  have  another  cog-wheel  fixed  to  the  end 
B,  with  trundle  and  miU-stones  similar  to  those  already  described:  by 
which  means  the  shaft  can  turn  two  pair  of  stones  at  once ;  and  when  one 
pair  only  is  wanted  to  grind,  the  lantern  H  and  spindle  I  K  are  taken  out 
fit)m  the  other. 

SMOCK-MILL. 

The  other  method  of  bringing  the  windshaft  and  sails  into 
a  position  proper  for  receiving  the  impression  of  the  wind  is. 
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by  wb^t  18  6alied  the  smock-nfiill.  This  inWi  is  more  expen- 
sive in  the  bonst^uction,  and  mor^  decfdedly  adtantageous, 
a^  it  can  be  made  of  any  required  dimensions.  It  is  bailt  in 
the  form  of  k  round  turret,  having  at  the  top  of  it  a  wooden 
ring  with  a  groove  in  it,  furnished  with  a  number  of  brass 
truckles,  kept  equi-distant  from  each  other  by  their  centre 
pins  being  fixed  into  a  circular  hoop.  Into  this  groove  the 
framing  of  the  upper  ai  movable  part  of  the  mill,  which  is 
called  the  head,  or  cap,  enters,  and  a  very  slight  power  is 
alone  sufficient  to  turn  it  about  that  the  sails  may  receive 
the  action  of  the  wind.  The  head  or  cap  is  very  ingeni- 
ously contrived  to  turn  itself  about  whenever  the  wind 
changes,  by  a  small  pair  of  sails,  or  fans,  fixed  up  in  a  frame 
that  projects  from  the  back  part  of  the  head. 

.  Fig.  124)  a  the  fans,  having  on  its  axis  a  pinion  of  10  leaves  b,  which 
g^ves  motion  to  a  cog-wheel  of  60  teeth  c,  its  axis  d,  and  a  pinion  of  12 
teeth  at  the  lower  end  e,  turning  a  bevelled  wheel  of  72  teeth  ^  a  vertical 
iron  shait  g,  having  a  pinion  of  11  teeth  A,  that  works  in  a  circle  of  130 
cogs.  Therefore,  whenever  the  wind  changes^  it  acts  obliquefy  upon  the 
vanes  of  the  fan,  and  turns  it  round,  which,  giving  an  impulse  to  the  con- 
necting machinery,  brings  the  main  shaft  of  the  sails  slowty  about  to  &ce 
the  direction  of  the  wind.  The  method  of  this  operation  is  as  follows:  the 
fans,  having  received  the  action  of  the  wind,  turn  round,  and  the  pinion  b,  of 
10  leaves,  that  is  upon  its  axis,  gives  modon  to  the  cog-wheel  of  60  teeth 
c,  fixed  on  an  inclined  axis  which  has  at  the  lower  end  the  pinion  of  12 
leases  e,  acting  upon  the  bevelled  wheel  of  72  teeth  /,  fixed  on  a  vertical 
iron  axis,  and  givmg  motion  to  the  pinion  of  11  teeth  /«,  that  works  in  the 
circle  of  120  cogs.  A  B  two  of  the  sails,  (the  other  two  being  endwise 
cannot  be  seen,)  fixed  on  an  iron  shaft  or  axis  C  D,  by  screwing  them  to 
an  iron  cross  formed  at  one  end  of  it  Upon  this  shaft  is  the  cog-wheel  E, 
that  acts  upon  the  lantern  F,  fixed  on  a  strong  vertical  shaft  extending  from 
tibe  to])  to  the  bottom  of  the  mill,  and  havmg  on  the  lower  end  the  large 
wheel  1 1,  giving  motion  to  the  two  opposite  pinions  k  A;,  which  turn  £e 
spindles  and  the  mill-stones  G  H.  A  wheel  is  fixed  on  the  main  axis  at  f, 
to  g^ve  action  to  the  pinion  on  the  horizontal  roller  fi»,  which  has  a  rope 
wrapped  about  it  to  wind  up  the  sacks  of  com.  The  same  wheel  I  turns 
another  horizontal  axis  that  has  several  wheels,  to  receive  endless  ropes 
for  turning  the  bolting  and  dressing  machines.  On  the  middle  part  of  the 
vertical  shaft  K  L  is  the  wheel  I,  which  turns  the  roller  «i,  to  draw  up  the 
sacks  of  corn  from  tlie  lower  part  of  the  mill,  which  is  used  as  a  storehouse; 
being  divided  into  as  many  compartments  as  the  miller  may  require.  To 
the  mill-stone  spindle  is  attached  a  pair  of  regulating  balls,  to  regulate  the 
Velocity  of  the  mill.  For  the  manner  of  applymg  this  regulator  see 
a^.  125,  /  a  spindle,  on  which  is  fixed  the  pinion  k,  playing  into  the  large 
wheel  that  is  attached  to  the  vertical  shaft;  the  lower  end  of  the  spindle 
enters  into  a  square  formed  oh  the  top  of  the  mill-stone  axis  at  m;  imme- 
diately beneath  the  pinion  two  iron  rods  are  jointed,  bending  downwards, 
having  a  heavy  iron  ball  o  o  fastened  to  the  end  of  each;  to  these  rods  are 
attached  two  links  at  p  p,  to  suspend  a  collar  capable  oiF  sliding  freely  up 
and  down  upon  the  spindle  /,-  this  collar  is  embraced  by  a  fork,  formed  on 
a  steelyard,  lying  honzonul,  and  suspended  by  the  fulcrum  q;  r  b  an  iron 
rod  fixed  at  the  extreme  end  of  the  steelyard,  and  having  at  the  bottom  an 
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iron  hook  to  connect  it  with  the  lever  t,  whose  iiilcrum  is  <;  this,  by  means 
of  an  iron  rod,  suspends  one  end  of  the  bridge  on  which  the  lower  pivot  of 
th^  mill-stone  rests,  the  other  end  bearing"  on  a  fulcrum,  or  centre. 

Whenever  the  mill  acquires  velocity,  the  iron  balls,  by  theb  centrifugal 
force,  win  fly  out,  and  elevate  the^coUar,  which,  acting  upon  tfie  connecting 
paits»  will  let  the  upper  mill-stone  down  nearer  to  toe  lower  one,  and  the 
resistance  or  friction  thus  caused  will  counteract  the  increased  velocity  of  the 
wind.  On  the  contrary,  if  the  wind  decreases,  the  balls  will  fell  towards 
each  other,  and  let  down  the  sliding  collar,  which  wiH  raise  the  top  mill- 
stone,  and  by  increanng  the  <£stance  between  it  and  the  lower  one,  cause 
the  mill  to  acquire  greater  velod^.  For  this  purpose  a  weight  v  is  hong 
upon  the  steelyard,  sufficient  to  raise  the  stone  whenever  the  descent  of  the 
collar  will  permit  it  so  to  do.  Several  notches  are  cut  into  tbe  steelyard  for 
different  positions  of  the  lulcr^  q  and  rod  f ,  to  regulate  more  effectually 
the  motion  of  the  machinery.  For  instance,  if  the  wind  should  blow  strong^, 
and  the  mill  go  slower,  contrary  to  the  effect  expected,  it  shows  that  the  re- 
gulation b  too  strong  :  to  remedy  this,  the  leverage  of  the  balls  must  be  in- 
creased bv  reducing  the  distance  between  the  fblcrum  q  and  the  rod  r,  by 
shifting  either  of  them  into  (Afferent  notches.  On  the  other  hand,  if  the 
Telocity  of  the  mill  should  increase  with  the  velocity  of  the  wind,  it  shows 
tlut  the  regulation  is  not  strong  enough,  and  that  the  fulcrum  q  and  the  rod 
r  must  be  set  a  greater  distance  apart  Sometimes  it  happens  that  the  whole 
limits  of  the  notches  ou  the  steeWard  is  insufficient  to  eflkctuate  the  desired 
object ;  in  such  case,  die  actin?  length  of  the  lever  «  «  must  be  increased  or 
diminished  by  removing  the  fulcrum  ^  to  a  g^reateror  less  distance  from  the 
suspended  rod  o. 

In  fig.  126  is  shown  the  construction  of  the  horizontal  shaft  or  axis  that 
bears  ue  sails.  It  is  an  octa^nal  iron  shaft,  having  two  cylindrical  necks, 
e  and  d,  where  it  rests  upon  its  bearings.  At  the  end  it  has  a  kind  of  box 
which  has  two  mortises,  e  andfi  through  it  in  perpendicular  directions,  to 
receive  the  sails.  At  the  back  of  one  of  these  mortises,  and  the  front  of  the 
other,  a  projecting  arm  is  left  in  the  casting  to  receive  screw  bolts  for  hold- 
ing the  nils  secure  in  the  mortises.  The  sails  are  braced  to  eadi  arm  by  a 
rope  stay,  proceeding  firom  the  end  of  a  pole,  fixed  at  the  end  of  the  cast- 
iron  axis.  Each  sail  is  formed  of  a  sail  cloth,  spread  upon  a  kind  of  lattice 
work,  fflinilar  to  that  described  under  the  head  of  Post-mill.  The  plane  o£ 
this  frame  is  inclined  to  the  platte  of  the  sail's  motion,  at  such  an  anf^le,  that 
the  wind  blowing  in  the  direction  of  the  axis  acts  upon  the  sails  as  mclined 
planes,  and  turns  them  about  with  a  power  proportionate  to  the  size  of  the 
sails  and  the  force  of  the  wind.  The  cog-wheel  is  fixed  on  the  axis,  by  bolt- 
ing its  arms  against  the  stanch  marked  C.  The  mill-stones  are  the  same 
as  those  descnbed  onder  the  head  of  Flour-mill. 

Parent,  Euler,  and  other  geometricians  have  written 
macb  upon  the  nature  and  construction  of  windmills;  bat  as 
we  consider  the  experinfiehts  and  researches  made  by  our  own 
countryman  Smeaton  to  be  far  superior  in  point  of  practical 
utility,  we  shall  content  ourselves  with  giving  his  opinion  as 
to  the  shape,  magnitude,  and  position  of  the  sails. 

By  Mr  Smeaton's  experiments  it  appears,  that  when  the 
sails  were  set  at  the  angle  of  55  degrees  with  the  axis,  pro- 
posed as  the  best  by  M.  Parent  and  others,  they  were  the 
roost  disadvantageous  of  any  that  were  tried  by  him. 
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On  increasing  the  angle  of  the  sails  with  the  axis  from  72 
to  75  degrees,  an  augmentation  of  power  was  produced  in  the 
ratio  of  31  to  45,  and  this  proves  to  be  the  angle  most  com- 
monly in  use  when  the  surfaces  of  the  sails  are  planes. 

If  nothing  more  were  requisite  than  to  make  the  mill  ac- 
quire motion  from  a  state  of  rest,  or  to  prevent  it  from  pass- 
ing into  rest  from  a  state  of  motion,  the  position  recommend- 
ed by  M.  Parent  would  be  the  best;  but  if  the  sails  are  in- 
tended, with  ^iven  directions,  to  produce  the  greatest  effect 
possible  in  a  given  time,  we  must  reject  M.  Parent's  position  ; 
and,  if  use  be  made  of  planes,  confine  our  angle  within  the 
limits  of  72  and  75  degrees  with  the  axis. 

The  variation  of  a  degree  or  two  in  the  angle  makes  very  little 
difference  in  the  effect,  when  the  angle  is  near  upon  the  best. 

Mr  Smeaton  made  several  experiments  upon  a  large  scale, 
and  found  the  following  angles  to  answer  as  well  as  any.  The 
radius  is  supposed  to  be  divided  into  six  parts,  and  one-sixth, 
reckoning  from  the  centre,  is  called  one,  the  extremity  being 
denoted  six. 

Angle  vith  Angle  with  the 

No.  Uie  axis.  plane  of  the  motion. 

1 72<> 18 

2 n 19 

3    -------    72 18  middle 

4 74      ...    -    -    16 

5 m 12J 

6 83 7  extremity. 

Having  thus  obtained  the  best  position  of  the  sails,  or  man- 
ner of  weathering,  as  it  is  called  by  the  workmen,  Mr  Smea- 
ton next  proceeded  to  try  what  advantage  could  be  made  by 
an  addition  of  surface  upon  the  same  radius.  The  result  was, 
that  a  broader  sail  requires  a  greater  angle  ;  and  that  when 
the  sail  is  broader  at  the  extremity  than  near  the  centre,  this 
shape  is  more  advantageous  than  that  of  a  parallelogram.  The 
figure  and  proportion  of  the  enlarged  sails  he  found  to  answer 
best  upon  a  large  scale,  where  the  extreme  bar  is  one-third 
of  the  radius,  or  whip,  and  is  divided  by  the  whip  in  the  pro- 
portion of  3  to  5.  The  triangular,  or  leading  sail,  is  covered 
with  board,  from  the  point  downwards,  one-third  of  its  height, 
the  rest  with  cloth  as  usual.  The  angles  mentioned  in  the 
preceding  article  are  found  to  be  the  best  for  the  enlarged 
sails  also ;  for  in  practice  it  is  found,  that  the  sails  had  better 
have  too  little  than  too  much  wind. 

Many  persons  have  imagined  that  the  more  sail  the  greater 
the  advantage,  and  have  therefore  proposed  to  fill  up  the 
whole  area,  and  by  making  each  sail  a  sector  of  an  ellipsis, 
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according  to  M.  Parent,  to  intercept  the  whole  cylinder  of 
wind,  and  thereby  to  produce  the  greatest  effect  possible : 
but  from  our  author's  experiments  it  appears,  that  when  th6 
surface  of  all  the  sails  together  exceeded  seven -eighths  of 
the  circular  area  containing  them,  the  effect  was  rather  di- 
minished than  augmented ;  and  consequently,  he  concludes, 
that  when  the  whole  cylinder  of  wind  is  intercepted,  it  does 
not  then  produce  the  greatest  effect  for  want  of  proper  inter- 
stices to  escape. 

"  It  is  certainly  desirable,"  says  Mr  Smeaton,  "that  the 
sails  of  windmills  should  be  as  short  as  possible,  but  at  the 
same  time  it  is  equally  desirable  the  quantity  of  cloth  should 
be  the  least  that  may  be,  to  avoid  damage  by  sudden  squalls 
of  wind.  The  best  structure,  therefore,  for  large  mills,  is 
that  where  the  quantity  of  cloth  is  the  greatest  m  a  eiven 
circle  that  can  be :  on  this  condition,  that  the  effect  holds 
out  in  proportion  to  the  quantity  of  cloth ;  for  otherwise  the 
effect  can  be  augmented  in  a  given  degree  by  a  lesser  increase 
of  cloth  upon  a  larger  radius,  than  would  be  required  if  the 
cloth  were  increased  upon  the  same  radius." 

The  ratios  between  the  velocities  of  windmill  sails  unload- 
ed, and  when  loaded  to  their  maximum,  turned  out  different 
in  different  experiments,  but  the  most  general  ratio  of  the 
whole  was  as  3  to  2«  In  general,  however,  it  appeared,  where 
the  power  was  greater,  whether  by  an  enlargement  of  sur- 
face, or  a  greater  velocity  of  the  wind,  that  the  second  term 
of  the  ratio  was  less. 

The  ratio  between  the  greatest  load  that  the  sails  will  bear 
without  stopping,  or  what  is  nearly  the  same  thins,  between 
the  least  load  that  will  stop  the  sails,  and  the  Toad  at  the 
maximum,  were  confined  between  that  of  10  to  8,  and  of  10 
to  9  ;  and  at  a  medium  about  10  to  8.3,  or  of  6  to  5;  though 
it  appeared  on  the  whole,  that  where  the  angle  of  the  sails  or 
quantity  of  cloth  was  greatest,  the  second  term  of  the  ratio 
was  less. 

The  following  maxims  have  been  deduced  by  Mr  Smeaton 
from  his  experiments: 

Maxim  I.  The  vdocily  of  the  wiBdmill  sails,  whether  unloaded  or  load- 
ed, so  as  to  produce  a  maximuin,  is  nearly  as  the  velocity  of  the  wind,  tiieir 
shape  and  motion  being  the  same. 

Maxim  2.  The  load  at  the  maximum  is  nearly,  but  somewhat  less  than,  as 
the  square  of  the  velocity  of  the  wind,  the  shape  and  position  of  the  sails 
being  the  same. 

Maxim  3.  The  effects  of  the  same  sails  at  a  maximum  are  nearly,  but 
somewhat  less  than,  as  the  cubes  of  the  velocity  of  the  wind. 

Maxim  4.  The  load  of  the  same  sails  at  the  maximum  is  nearly  as  the 
■quares,  and  their  effects  as  the  cubes  of  their  number  of  turns  in  a  given  time. 
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MttJMi^  S.  Wfien  the  sails  are  loaded  bo  aa  to  produce  a  maThnum  at  a 
given  velocity,  and  the  velocity  of  the  wind  increases  the  load  containing' 
the  same:  first,  the  increase  of  effectt  when  the  increase  of  the  velocity  of 
the  wind  is  imaller,  will  be  nearly  as  the  squares  of  those  velocities  i  ae- 
<M>ndly,  when  the  velocity  of  the  wind  is  double,  the  effects  will  be  nearly 
as  10  to  27};  but  thirdly,  when  the  velocities  compared  are  more  than  dou- 
ble  of  that  where  tiie  given  load  produces  a  maximum,  the  effects  increase 
nearly  in  a  nmple  ratio  of  the  velocity  of  the  wind. 

Maxm  6.  If  sails  are  at  a  similar  figure  and  position*  &e  number  of  tonia 
in  a  given  time  will  be  reciprocally  as  the  radius  or  length  of  the  sail. 

H&xim  7.  The  load  at  a  maximum  that  sails  of  a  simikr  figure  and  posi- 
tion will  overcome,  at  a  given  distance  from  the  centre  of  motion,  will  be  as 
the  cube  of  the  radius. 

Maadm  8.  The  effect  of  sails  of  umilar  figure  and  position  are  as  the 
square  of  the  radius. 

Maxim  9.  The  velocity  of  the  extremity  of  Dutch  suls,  as  well  as  of  the 
enlarged  sails,  in  all  their  usual  positions  when  unloaded,  or  even  loaded  to 
a  maximum,  are  considerably  qmcker  than  the  velocity  of  the  wind. 

Mr  Ferguson  remarks,  that  it  is  almost  incredible  to 
think  with  what  velocity  the  tips  of  the  sails  move  when 
acted  upon  by  a  moderate  wind.  He  several  times  counted 
the  number  of  revolutions  m^de  by  the  sails  in  10  or  15  mi- 
nutes; and,  from  the  length  of  the  arms  from  tip  to  tip,  has 
computed,  that  if  an  hoop  of  the  same  size  were  to  run  upon 
plain  ground  with  equal  velocity,  it  would  go  upwards  of  30 
miles  m  an  hour. 

RULES  FOR  MODELLING  THE  SAILS  OF  WINDMILLS. 

Fig.  127  is  a  front  view  of  one  of  the  four  sails  of  a  wind- 
mill. The  letters  of  reference  will  serve  to  explain  the  terms 
made  use  of  in  the  following  description : 

1.  The  length  of  the  arm,  or  whip  A  A,  reckoned  firom  the  centre  of  the 
great  shaft  B  to  the  outermost  bar  19,  governs  all  the  rest. 

2.  The  breadth  of  the  face  of  the  whip  A,  next  the  centre,  is  one-thirtieth 
of  the  leng^  of  the  whip,  its  thickness  at  the  same  end  is  three-fourths  of 
the  breadth,  and  the  back-side  is  made  parallel  to  the  face  for  half  the 
length  of  the  whip,  or  to  the  tenth  bar ;  the  smaU  end  of  the  whip  is  square, 
and  at  ita  end  is  one-sixtieth  of  the  length  of  the  whip,  or  half  the  breadth 
at  the  great  end. 

3.  From  the  centre  of  the  shaft  B  to  the  nearest  bar  1  of  the  lattice,  is 
one-seventh  of  the  whip  ;  the  remaining  space  of  six-sevenths  of  the  whip 
is  equally  divided  into  19  spaces,  so  as  to  make  19  bars ;  one-ninth  of  one  «f 
these  spaces  is  equal  to  the  mortises  for  the  bars,  the  tenons  of  which  are 
made  square  where  they  enter  and  go  through  the  whip,  and  consequently 
the  mortises  must  be  square  also. 

4.  To  prepare  the  whip  for  mortising,  strike  a  {^age-score  at  about  three- 
fourths  of  an  inch  from  the  face  on  each  side,  and  the  g^age-score«  on  the 
leading  side  4,  5,  will  give  the  face  of  all  the  bars  on  that  mde  ;  but  on  the 
other  side,  the  faces  of  all  the  bars  wiU  faU  deeper  than  the  gage-score,  ac- 
cording to  a  certain  rule.  To  find  the  space  to  be  set  off  for  this  purpose 
for  each  bar,  construct  a  scale  in  the  following  manner : 

5.  Extend  the  compasses  to  any  distance  at  pleasure,  so  that  six  times 
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tint  extent  mmy  be  greater  than  the  breadth  q{  the  whip  at  the  seventh  bar ; 
let  those  six  spaces  oflT  upon  a  straight  line  for  a  base,  at  the  end  of  which 
raise  a  perpendicular;  set  off  three  spaces  upoii  the  perpendicular,  and  divide 
tiie  two  spaces  that  are  farthest  from  the  base  line  into  six  equal  parts  each, 
so  that  this  quantity  of  two  spaces  may  be  equally  divided  mto  12  spaces, 
marked  out  by  13  points  {  from  each  of  these  points  draw  a  line  to  the  oppo- 
site end  of  the  base,  as  so  many  rays  to  a  centre,  and  the  scale  is  finished. 

6.  To  apply  this  scale  to  any  given  case,  set  off  the  breadth  of  the  whip 
at  the  last  bar,  (that  is,  the  bar  at  the  extremity  of  the  sail,)  from  the  centre 
of  the  scale  along  the  base  towards  the  perpendicular ;  and  at  this  point 
nise  a  perpendicular  to  cut  the  ray  nearest  to  the  base  ;  also  set  off  the 
breadth  of  the  whip  at  the  seventh  bar  in  the  same  manner^  and  at  this  point 
erect  another  perpendicular  to  cut  the  thirteenth  radius.  From  the  inter- 
section of  the  perpendicular,  (drawn  upon  the  breadth  of  the  last  bar,)  with 
the  first  of  the  thirteen  radii,  to  the  intersection  of  the  other  perpendicular 
with  the  thirteenth  radius,  draw  an  oblique  line  cutting  all  the  rest,  and  the 
distances  of  each  of  these  last-mentioned  points  of  intersection  from  the 
base  line  is  the  space  which  tiie  face  of  each  bar  is  distant  from  the  g^age- 
line  on  the  driving  side. 

7.  These  distaiices  give  a  difierence  set  oflTfor  each  bar  till  the  seventh, 
which  same  must  be  set  offfor  all  the  rest  to  the  first. 

8.  These  mortises  must  be  square  to  the  leading  side  of  the  whip. 

9.  'When  the  mortises  are  cut,  let  the  &ce  of  the  whip  be  sloped  off  so 
as  to  agree  with  the  face  of  the  bars  in  every  part. 

10.  Two-fifths  of  t(ie  whip  are  the  leng^  of  the  last  or  longest  bar. 

11.  live-eighths  of  the  longest  bar  must  be  pn  the  driving  side  of  the 
whip,  and  three*eig^ths  on  the  leading  side,  each  being  reckoned  from  the 
middle  of  d^e  whip. 

1^  The  proportion  of  the  i^iortises  already  given  determines  the  size  of 
the  bars  of  the  mortise^  but  ti^eir  thickness  must  be  diminished  each  way, 
so  as  to  be  only  one-haUT  at  the  ends ;  but  the  face  must  be  kept  of  equal 
breadth  dl  the  way. 

13.  The  leading  side  goes  no  farther  than  the  fourth  bar,  and  there  only 
projects  oqe-third  of  the  projection  of  the  last  bar. 

14.  All  the  bars  on  the  driving  side  are  made  hoUowing  in  the  arch  of  a 
circle,  which  begins  to  spring  one-third  of  the  length  of  the  bars  on  the 
driving  side  from  the  whip ;  and  the  sweep  is  such,  that  if  a  straight  line 
be  applied  to  the  face  of  Uie  bar  from  the  whip  to  the  end,  the  face  of  the 
bardionld  leave  the  straight  line  about  the  breadth  of  the  bar. 

15.  There  oug^t  to  be  three  uplongs,  as  3,  2, 10,  to  the  driving,  and 
two  to  the  leading  side,  as  5,  4,  to  strengthen  the  lattice.    Dr  Rees's  Ct/clo- 

Mr  Richard  Hall  Gower,  a  gentleman  in  the  sea-service  of 
the  East  India  Company,  has  made  some  judicious  experiments 
with  a  view  of  determining  the  proper  angles  of  weather 
which  ought  to  be  given  to  the  vanes  of  a  vertical  windmill : 
ilia  general  conclusion  is,  that  each  vane  should  be  a  spiral,  ge- 
nerated by  the  circular  motion  of  a  radius,  and  ofaline  moving 
at  right  angles  to  the  plain  of  a, circular  motion.  The  con- 
atmctioo  he  deduces  from  his  inquiries  is  simple,  being  this : 

The  length,  breadth,  and  angle  of  weather  at  the  extremity 
of  a  vane  being  given  ;  to  determine  the  angles  of  weather 
at  different  distances  from  .the  centre. 
R 
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L«t  A  B,  fig.  129,  be  the  length  of  the  vane ;  B  C  ito  breadth ;  and  BCD 
the  angle  of  the  weather  at  the  extremity  of  the  vane,  equal  to  20  degrees. 
With  the  leng^  of  the  vane  A  B,  and  breadth  B  C,  construct  the  isosceles 
triangle  ABC:  from  the  point  B  draw  B  D  perpendicular  to  C  B,  then  U  D 
is  the  proper  depth  of  the  vane. 

Divide  the  line  A  B  into  any  number  of  parts,  (five  for  instance, )  at  those 
divisions  draw  the  lines  1  E,  2  F,  3  G,  and4  H,  parallel  to  the  line  B  C;  also, 
from  the  points  of  division  1,  2,  3,  and  4,  draw  the  lines  1  I,  2  K,  3  L,  and 
4  M,  perpendicular  to  1  E,  2  F,  3  G,  &c.  all  of  them  equal  in  length  to  B  D. 
Join  KI,  FK,  GL,  and  H  M:  then  the  angles  1  £  I,  2FK,  3GL,andUM» 
are  the  angles  of  weather  at  those  divisions  of  the  vane  ;  and  if  the  tri- 
angles be  conceived  to  stand  perpendicular  to  the  plane  of  the  paper,  the 
angles  T,  K,  L,  M,  and  D,  becoming  the  vertical  angles,  the  hypothenuse  of 
these  triangles  will,  as  before  suggested,  give  a  perfect  idea  of  the  weather- 
ing of  the  vane  as  it  recedes  from  the  centre. 

METHOD  OF  CLOTHING  AND    UNCLOTHING   THE  SAILS    WHILE  IN 

MOTION. 

Mr  John  Bywater,  of  Nottingham,  took  out  a  patent  in 
1604,  for  a  method  of  clothing  and  unclothing  the  sails  of 
windmills  while  in  motion,  by  which  the  mill  may  be  clothed 
either  in  whole  or  in  part,  in  an  easy  and  expeditious  manner, 
by  a  few  revolutions  of  the  sails,  whether  they  be  going  fast 
or  slow,  leaving  the  surface  smooth,  even,  and  regular  in 
breadth  from  top  to  bottom ;  and  in  like  manner  the  cloth, 
or  any  part  of  it,  may  be  rolled  or  folded  up  to  the  whip  at 
pleasure,  by  simple  and  durable  machinery. 

Fig.  130,  Nos.  1, 2»  3,  are  front  views  of  the  sails  as  unclothed,  half  clothed, 
and  clothed. 

Fig.  131,  a  ring  of  iron,  or  other  material,  about  4  inches  wide,  and  J  of 
an  inch  thick,  whose  diameter  must  be  sufficient  to  embrace  the  shaft^head, 
to  which  it  must  be  well  secured  by  the  stays  a  a. 

Fig.  132,  a  bevelled  wheel,  without  arms,  made  of  iron,  stayed  on  the  edge 
of  the  ring  so  as  to  turn  easily. 

Fig.  133,  a  spur-wheel  of  iron,  without  arms,  made  to  turn  easily  on  four 
pins  fixed  into  four  ears  b  bb  b,  in  the  back  of  the  ring  ;  which  pins  are 
turned  up  at  their  ends  to  keep  it  steady. 

Fig.  134  is  one  of  the  four  spindles  of  iron,  or  other  material,  with  a 
spur  nut  a,  and  a  beveled  nut  b  t  this  spindle  passes  through  fig.  131  at 
eeect  and  the  hut  a  works  into  the  spur-wheel  as  seen  in  fig.  135,  aaaa. 
The  four  bevelled  nuts,  (fig.  134, )  work  into  the  bevelled  wheels  at  the  end 
of  four  cylinders  1 1 1 1  fig.  130,  Nos.  J,  2,  3,  and  so  turn  them  $  and  two 
of  these  spindles  must  be  shorter  than  the  others  when  the  stocks  are  not 
flush.  These  cylinders  are  made  of  wood  of  about  3  inches  diameter, 
and  are  to  be  placed  at  the  outside  of  the  leading  edge  of  each  sail,  round 
which  the  cloth  is  rolled,  (one  edg^  being  fastened  on  for  that  purpose,) 
when  the  sail  is  unclothed.  A  gudgeon  from  the  end  of  each  cylinder 
runs  into  an  iron  fastened  to  the  sha]^-head,  and  is  kept  in  its  place  by  a 
nut  screwed  to  its  end.  The  other  end  has  a  gudgeon  6,  which  turns  in 
the  eye  of  the  cross  iron  A,  at  the  points  of  the  whips ;  ////four  cylinders, 
similar  to  tt  1 1,  placed  on  the  inside  of  the  whips  ;  one  behind  each  sail  to 
clothe  the  sails,  by  means  of  ropes  oooo,  &c.  fastened  to  them  and  the  edge 
of  the  cloth.     At  the  end  of  each  of  these  four  cylinders  a  nut  or  wheel  is 
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fixed,  «  «  «<,  to  work  into  the  bevelled  wheel ;  fig.  132»  whose  teeth  decline 
from  the  centre  in  proportion  as  these  work  from  it,  which  declination  must 
be  reversed  when  the  sails  turn  in  the  contrary  way,  and  gudgeons  to  run 
into  irons  either  projecting  fi^>m  the  ring  or  fristened  to  the  sh^-head  like 
the  other  cvlinders.  The  gudgeons  g  keep  these  cylinders  steady  in  the 
cross  iron  h  at  the  point  of  the  whips,  and  stays  of  any  shape  or  number  will 
keep  them  frx>m  springing. 

Now  suppose  the  mUl  fully  clothed,  as  at  3,  all  the  parts  of  the  machinery 
revolve  with  it  undisturbed  until  a  lever,  fig,  136,  which  is  fastened  to  the 
braces  or  fencing,  by  the  centre  pin  a,  fig.  137,  on  which  it  turns,  and  whose 
end  h  is  weighted  to  hang  down  towards  the  breast  of  the  mill,  is  brought 
into  an  horizontal  direction,  by  pulling  a  string  attached  to  the  end  a  within- 
side  the  mill,  which  end  b  stops  the  stud  6,  projecting  fr^m  the  inner  surface 
or  back-front  of  the  spur-wheel,  fig.  135  ;  consequently  the  four  spur-nuts  a, 
at  the  end  of  the  spindle,  fig.  134,  and  seen  at  a  a  a  a,  fig,  1:>5,  roll  round 
the  spur-wheel,  and  the  bevelled  nuts  b  at  the  other  end  of  the  spindle 
work  into  the  bevelled  wheels  of  the  outside  cylinders  i  i  i  i,  at  1,  2, 3,  in  a 
straight  direction  behind  them,  and  so  turning  the  cylinders  roll  the  cloth 
on  them  till  it  is  rolled  up  to  the  whip.  The  lever  is  then  driven  sideways, 
(its  spring  c  returning  it  again,)  from  the  stud  in  the  back  face  of  the  spur- 
wheel  by  the  following  contrivance  : 

A  screw,  6,  fig.  138,  is  cut  on  the  ^dgeon  of  any  one  of  the  cvlinders 
behind  the  sail,  and  a  piece  of  iron,  c,  is  tapped  to  fit  it.  The  end  of  this 
iron  runs  into  a  slot  in  the  iron  d,  made  fast  to  the  shaft-head,  to  prevent 
^e  iron  c  from  turning  with  the  cylinder,  but  allows  it  to  slide  up  and 
down  so  as  to  press  on  that  on  the  iron  a,  which  has  the  eye  in  it^  and 
raises  the  end  a  just  high  enough  to  drive  the  lever  aside  when  the  cloth 
is  all  rolled  up,  the  thread  of  the  screw  adjusting  it  to  what  number  of 
revolutions  you  choose  to  employ  for  that  purpose.  The  point-end  of  the 
ifon  a,  is  that  part  of  it  which  pushes  aside  and  passes  the  lever,  fig.  136, 
and  moves  on  its  centre  e,  and  must  be  carried  under  the  spur-wheel  so  as 
to  act  behind  it  for  that  purpose.  By  letting  go  the  string,  the  miller  may  at 
any  time  leave  the  cloth  on  the  sail  where  he  chooses,  likewise  the  sails  may 
be  clothed,  or  an^  part  thereof,  by  a  lever,  similar  to  a,  stopping  the  stud 
o^  on  the  edge  of  the  bevelled  wheel,  fig.  132,  and  driven  oft  in  a  manner 
nmilar  to  the  spur-wheel. 

Kg.  139  is  a  stay  of  wood,  fixed  to  the  stock  or  whip  at  n  n  n  n,  1,  2,  3, 
to  prevent  the  cylinders  from  sprin^ng  too  much.  In  the  inside  there  is 
left  room  enough  for  the  cloth  to  be  rolled  upon  the  cylinder  through  its 
lips  in  the  eye  of  this  stay.  In  order  to  keep  the  stringy,  which  go  over  the 
edge  of  the  shrouds  oooo,  &c.  tight  in  all  weathers,  a  cord,  passing  over 
a  spring  of  any  sort  or  shape,  placed  under  the  sail,  is  ftistened  to  and 
wound  about  the  upper  ends  of  the  cylinders,  in  a  direction  contrary  to  the 
strings  and  doth.  To  prevent  the  strings  from  being  driven  downwards  by 
Che  centrifugal  force,  a  ring  or  two  are  left  on  to  run  along  the  rods  in  the 
old  manner  as^,  Nos.  2,  3. 

The  width  of  the  cloth,  diameter  of  the  cylinders,  and 
iiamber  of  revolutions  you  choose  to  employ  to  roll  up  your 
cloth,  must  determine  the  size  of  the  wheels.  In  order  to 
fold  the  cloth  instead  of  rolling  it,  one  end  of  it  must  be 
fastened  to  the  whip  and  lines  passed  across  the  outside  of  it 
through  loops  fastened  to  its  edge,  and  consequently  over 
the  edge  of  the  shrouds,  and  connected  with  the  cylinder  or 
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roller,  of  any  shape,  placed  under  the  sail,  or  elsewhere,  the 
other  ends  of  the  lines  must  be  connected  with  the  said 
cylinder  or  roller;  and  when  the  cloth  is  drawn  up  in  folds 
towards  the  whip,  so  much  of  these  lines  will  be  rblled  on 
the  cylinder  one  way,  and  off  from  it  the  other,  as  will  be 
suflGicient  to  let  out  the  cloth  again  when  the  8am6  Cylinder, 
turning  the'contrary  way,  draws  the  cloth  on  the  sail.  By 
this  mode  the  patentee  gets  rid  of  four  cylinders,  with  their 
appendages,  the  work  being  in  other  respects  the  same  as  in 
rolling  the  cloths ;  but  since  folding  gives  a  surface  much  in- 
ferior in  many  respects  to  rolling,  and  induces  inconveni- 
ences and  accidents  from  which  the  rolled  surface  is  free,  he 
advises  the  rolling,  rather  than  for  a  small  saving  to  endure 
the  inconveniences  of  folding. 

If  a  sudden  gust  of  wind  should  arise  in  thd  absence  of  the 
miller,  so  as  to  drive  the  mill  faster  than  a  given  velocity,  a 
pair  of  centrifugal  balls,  like  the  governor  of  a  steam  engine, 
may  be  s6  placed  as  to  adjust  the  lever,  so  that  it  may  im- 
mediately unclothe  itself. 

BAINES'S  VERTICAL  WINDMILL  SAILS. 

Mr.  Robert  Raines  Baines,  of  My  ton,  Kingston  upon  Hull, 
secured  to  himself  in  June,  1815,  by  patent,  an  improvement 
in  the  construction  of  vertical  mindmill  sails. 


Fig.  140  Represents  six  sails ;  the  stocks  or  ftrms  marked  A  are  the  ! 
as  used  for  common  vertical  windmills ;  the  sails  marked  B  are  made  of 
canvass,  and  fastened  to  the  front  sides  of  the  said  stocks  or  arms  along  the 
edges  marked  a,  a,  and  to  the  rods  or  bars  marked  D,  at  or  near  the  point 
marked  6,  and  are  also  extended  by  the  rods  or  bars  marked  £,  which  are 
inserted  into  or  fixed  to  the  backs  thereof,  and  by  rods  or  bars  marked  m, 
which  are  inserted  into  or  fastened  to  the  edges  of  the  said  sails  ;  each  sadl 
is  also  connected  by  a  bar  or  rod  marked  F,  as  hereinafter  described, 
with  the  next  following  sail.  The  shafts  or  rods  marked  C  are  fastened  to 
the  stocks  or  arms  marked  A,  at  or  near  d,  d^  by  loops  or  otherwise,  so  as 
to  allow  them  to  move  as  hinges  do.  The  bars  or  rods  marked  D  are  each 
of  them  connected  with  the  shafts  or  rods  marked  C  by  a  joint,  which  will 
allow  the  said  bars  or  rods  marked  D  to  move  from  the  wmd  independent 
of  the  shafts  or  rods  marked  C»  in  case  it  should  blow  against  the  back  sides 
of  the  said  sails,  but  will  not  allow  the  said  bars  or  rods  marked  D  to  move 
fh>m  the  wind  independent  of  the  said  shafts  or  rods  marked  C»  when  the 
wind  blows  against  the  front  sides  of  the  said  sails.  The  bars  or  rods 
marked  F  connect  the  comers  marked  e  of  each  sail  with  the  comer  of  the 
next  foUowing  sail  at  or  near  the  point  marked  6,  leading  behind  such 
followii)g  sail,  and  which  bars  or  rods  are  fastened  by  hooks  or  other  proper 
means,  at  or  near  their  points,  bent  to  such  an  angle  that  if  the  wind 
Aoujd  blow  against  the  back  sides  of  the  said  sails  and  force  them  forward, 
the  said  bars  or  rods  wiU  be  unhooked  and  set  at  liberty.  A  rim  or  circle 
marked  G  is  fixed  by  screws  or  otherwise  upon  the  said  stocks  or  arms 
marked  A,  for  the  purpose  of  supporting  the  fulcra  or  props  marked  H. 
At  I  is  represented  the  head  or  end  of  a  rod  or  bar  which  passes  through 
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the  centre  of  6ie  azl^tree  of  the  mill,  and  to  whith  weight  may  be  applied, 
in  the  manner  well  kntfwn  to  mill-wrig'bts»  to  regulate  the  said  s^s  towards 
or  from  the  wind.  The  bars  or  cranks  marked  K  are  fixed  to  ^c  shafts  or 
rods  marked  C,  at  such  an  angle,  and  in  such  a  manner  as  will,  when  and  as 
they  are  acted  upon  by  the  levers  or  bars  marked  L,  either  suffer  the  said 
bars  or  rods  marked  D  and  the  sails  to  recede  from  the  wind  until  the  said 
sails  present  only  their  edges  to  it,  or  will  force  the  said  bars  or  rods  marked 
D  tovrards  the  wind,  until  they  present  to  it  their  breadth.  The  levers  or 
bars  marked  L  are  connected  at  one  oS  their  ends  with  the  head  of  the 
aforesaid  rod  marked  I,  and  at  the  other  ends  with  the  bars  or  cranks  marked 
K,  and  form  levers  resting  or  acting  upon  the  fulcra  6r  props  marked  H, 
and  are  governed  or  reeiuated  in  their  action  by  the  said  rod,  the  head  of 
which  is  shown  at  I.  The  said  rods,  bars,  cranks,  loops,  and  rim,  may  be 
made  of  iron,  or  other  suitable  material  or  materiids,  and  connected  at  their 
proper  places  by  joints  or  otherwise,  (so  as  to  fix  tbem  or  allow  their  ac- 
tion,) by  modes  well  known  to  mill-wrights. 

CUBITT's  method   of   H^UALIZIKO  the  motion  or   THE   SAILS 
OF  WINDMILLS. 

Mr  William  Cubitt,  of  North  Walsbam,  Norfolk,  engiDeer, 
took  out  a  pateot  for  this  inYention  in  May,  1807,  which  the 
tpecificatioD  thus  describes : 

^^My  invention  consists  in  applying  to  windmills  an  appa- 
ratus or  contrivance  which  shall  cause  the  vanes,  constructed 
or  formed  in  a  new  and  peculiar  manner,  to  regulate  them- 
selTet,  80  as  to  preserve  an  uniform  velocity  under  those 
circumstances  in  which  the  wind  would  otherwise  irregularly 
impel  tbem,  as  is  the  case  with  the  sails  or  vanes  of  mills  of 
the  present  construction.  I  accomplish  this  object  by  forming 
the  vanes,  (for  the  sake  of  lightness,)  with  fewer  cross  bars  or 
shrouds  than  in  the  common  method,  and  filling  up  the 
remaining  open  space  with  small  flat  surfaces,  formed  either  of 
boards  or  sheet  iron  painted,  or  any  other  fit  substance,  (though 
I  prefer  and  recommend  them  to  be  made  of  a  framing  of 
wood,  covered  over  with  canvass.)  I  hang  or  suspend  the 
same  on  their  ends  by  gudgeons,  pivots,  centres,  or  any  other 
convenient  method,  so  as  to  open  and  shut  like  valves,  (for 
which  reason  I  shall  hereafter  so  call  them,)  preferring 
always  to  have  the  centre  of  motion  as  near  the  upper  longi- 
todinal  edge  of  the  valve  as  possible,  as  shown  in  the  drawings 
b  6,  fig.  141,  which  exhibits  a  valve  detached,  t  apply  these 
valves  to  vanes  of  the  present  construction,  by  suspending 
them  to  the  cross  bars  or  shrouds  of  the  vane  by  their  longi- 
tndal  edges,  fastened  thereto  by  joints  or  otherwise,  as  may 
be  preferred.  These  vanes,  constructed  of  valves  as  above 
described,  and  which  are  represented  in  the  drawing,  fig.  142,- 
present  a  greater  or  less  surface  to  the  wind,  according  as  it 
acts  w*ith  more  or  less  force  on  them ;  and  if  the  wind  be  very 
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strong  or  high,  the  valves,  by  its  impulse,  would  turn  their 
^dges  to*it,  and  their  surfaces  parallel  to  the  direction  of  the 
wind  ;  the  vanes  would  consequently  remain  stationary,  or  at 
least  have  but  little  motion  ;  but  to  obviate  this  circumstance 
taking  place,  I  apply  an  apparatus  which  shall  cause  the  valves 
always  to  present  their  flat  surfaces  to  the  wind,  or  such  por- 
tion of  their  surfaces  as  may  be  desirable.  The  apparatus 
which  I  have  usually  applied  is  exhibited  in  the  drawings, 
figs.  143  and  144,  which  last  figure  shows  two  modes  of  per- 
forming this  object ;  though  it  must  be  evident  that  various 
other  means  may  be  applied  to  produce  the  same  effect  on  the 
valves,  and  I  therefore  do  not  mean  to  confine  myself  to  those 
precise  modes  of  eSectingit,  but  consider  it  unnecessary  here 
to  detail  others,  as  the  examples  exhibited  in  the  drawings 
fully  ascertain  the  sort  of  apparatus  requisite. 

**  Hg.  142  represents  a  set  of  vanes,  in  which  A  A  shows  the  valves  turned 
to  the  wind,  and  their  surfaces  all  exposed  at  rig^ht  angles  with  the  direc- 
tion of  the  wind  ;  B  B  exhihit  the  vanes  as  close  reefe^  or  the  valves  with 
their  edges  to  the  wind,  so  that  it  can  have  no  effect  upon  them  except  on 
their  edges,  which  must  be  trifling.  In  the  drawing,  the  vanes  are  exhi- 
bited as  having  the  whip  down  the  middle,  with  valves  on  both  sides ;  but  it 
is  evident  that  the  vanes  may  be  constructed  with  the  whip  placed  in  the 
usual  way,  and  have  valves  on  one  side  only,  which  is  the  method  I  usually 
adopt  in  applying  them  to  vanes  of  the  present  form. 

"  Fig.  143  represents  a  side  view  of^  the  apparatus  for  regulating  the 
valves ;  and  fig.  144  is  a  section  of  the  same,  exhibiting  two  methods  of 
performing  this  operation.  A  represents  the  shaft,  which  is  bored  through 
its  centre  to  admit  an  iron  rod  B  to  pass  freely  through  it ;  one  end  of  this 
rod  is  made  to  turn  in  a  box  C,  which  is  fastened  to  a  toothed  rack  D, 
whose  teeth  take  into  those  of  a  pinion  £,  upon  the  axis  of  which  is  a 
sheave  F,  with  a  groove  on  its  circumference  to  receive  a  rope  G,  to  which 
is  hung  a  weight,  shown  at  H,  fig.  143,  and  which  must  be  sufficient  to 
regfulate  the  force  of  tlie  wind  upon  the  valves,  though  no  {)recise  quantity 
of  weight  can  be  herein  specified,  as  the  same  must  be  adjusted  by  Expe- 
riment, or  by  the  quantity  of  work  to  be  performed  by  the  mill  On  the 
top  of  the  rack  D  is  a  roller  I,  which  serves  to  keep  the  rack  and  pinion  in 
the  proper  depth  of  geer.  The  end  of  the  rod  B,  which  turns  in  the  box 
C,  has  a  knob  or  onion  on  it,  by  which  it  can  be  moved  endwise  while  it  is 
turning  in  the  box  C.  In  the  other  end  of  the  rod  is  fixed  a  boss  or  plate 
of  iron  K,  with  a  gudgeon  projecting  from  each  side,  on  which  are  the 
bridles  or  leaders  L  L,  which  permit  the  levers  M  M  to  describe  a  curve 
with  their  ends  while  the  iron  rod  B  moves  in  a  straight  line.  N  N  are 
two  studs  or  props  fixed  to  the  stock  O  of  the  sail ;  on  the  ends  of  which 
props' the  levers  M  M  move,  and  communicate  their  motion  to  the  racks 
P  P,  the  teeth  of  which  take  into  the  pinions  Q  Q,  on  the  axis  of  which, 
{according  to  one  method  herein  exhibited,  fig.  145,)  is  fixed  a  strong 
iron  stud  R,  which  is  attached  to  a  rack  or  slider  S.  Iron  studs  or  le- 
vers are  fixed  at  one  end  in  this  slider  S  by  a  pin  or  gudgeon,  and  at  the 
other  made  fast  to  the  valves  a,  which  move  on  gudgeons  as  before  de* 
scribed. 

"  The  other  method  of  regulating  the  valves  is  shown  at 
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fig.  146>  where  instead  of  the  studs  or  levers,  the  valves  may 
be  moved  by  having  pinions  fixed  to  them,  and  working  with 
teeth  in  a  rack  or  slider,  as  at  T.  V  V  are  rollers  to  keep 
the  racks  P  in  their  geer.  The  operation  of  this  apparatus 
wili  be  clearly  comprehended  by  imagining  that  if  the  hook 
4,  on  the  rope  G,  be  pulled  down  to  5,  the  sheave  F  with  the 
pinion  E  will  turn  at  the  same  time,  putting  in  motion  the 
rack  D  with  the  rod  B,  which  will  bring  the  levers  M  M  into 
the  position  represented  by  the  dotted  hnes :  the  racks  P  will 
have  turned  the  pinion  Q  till  the  sliders  S  and  T,  with  the 
studs  or  levers,  or  racks,  (according  to  whichever  method 
may  be  used,)  bring  the  valves  into  pie  position  of  the  dotted 
Jines,  in  which  position  they  are  (^presented  as  having  all 
4heir  surfaces  to  the  wind ;  therefore,  if  a  sufficient  weight  be 
hung  to  the  hook  4,  the  weight  will  descend  to  5,  and  keep 
the  valves  in  the  situation  of  the  dotted  lines;  and  suppojsing 
the  wind  to  blow  upon  them  with  too  much  force  in  this  state« 
they  will  turn  on  their  gudgeons,  and  raise  the  weights,  so 
that  the  superfluous  wind  will  pass  through  or  between  them, 
without  exerting  an  irregular  force  upon  the  vanes,  so  as  to 
produce  an  unequal  velocity." 

MILL  WITH  EIGHT  QUADRANGULAR  SAILS. 

This  mill,  which  is  the  invention  of  Mr  James  Verrier,  is 
xepresented  in  fig.  147. 

A  A  A  are  the  three  principal  posts,  27  feet  7h  inches  long,  23  inches 
broad  at  their  lower  extremities,  18  inches  at  their  upper,  and  17  inches 
thick.  The  column  B  is  12  feet  2^  inches  long,  19  mches  in  diameter 
jit  its  lower  extremity,  and  16  inches  at  its  upper :  it  is  fixed  in  the 
centre  of  the  mill,  passes  throug^h  the  first  floor  E,  havinr  its  upper 
extremity  secured  by  the  bars  G  G.  £  E  £  are  the  girders  of  the  first  floor, 
one  of  which  only  is  seen,  being  eight  feet  three  inches  longv  11  inches 
bro^d,  and  nine  thick  ;  they  are  mortised  into  the  posts  AAA  and  the  co- 
lumn B,  and  are  about  eight  feet  three  inches  distance  from  the  ground  floor. 
D  D  D  are  three  posts,  six  feet  four  inches  long,  nine  inches  broad,  and  six 
inches  thick  :  they  are  mortised  into  the  girders  E  F  of  the  first  and  second 
floor,  at  the  distance  of  two  feet  four  inches  from  the  posts  A,  &c.  F  F  F 
are  the  girders  of  the  second  floor,  six  feetlopg,  11  inches  broad,  and  nine 
thick :  they  are  mortised  into  the  posts  A,  &c.,  and  rest  upon  the  up|)er  ex- 
tremities of  the  post  D,  &c.  The  thr^e  bars  G  G  G  are  3  feet  li  inches 
long,  seven  inches  broad,  and  three  thick  :  they  are  mortised  into  the  posts 
D  and  the  upper  end  of  the  column  B,  four  feet  three  inches  above  the  floor. 
P  is  one  of  the  beams  which  support  the  extremities  of  the  bray-trees  or 
brayers  j  its  length  is  two  feet  four  inches,  its  breadth  eight  inches,  and  its 
thickness  six  inches.  I  is  one  of  the  bray-trees  into  which  the  extremity  of 
one  of  the  bridge-trees  K  is  mortised.  Each  briay-tree  is  4  feet9i  inches 
Jong,  9i  inches  broad,  and  seven  thick,  and  each  bridge-tree  is  four  feet 
six  inches  long,  nine  inches  broad,  and  seven  thick ;  being  furnished 
with  a  piece  of  brass  on  its  upper  surface  to  receive  the  under  pivot  of  the 
mill-stones.    L  L  are  two  iron  screw-bolts,  which  raise  or  depress  the 


Digitized  by 


Google 


136  THE  OPERATIVE  MECHANIC 

extranities  of  the  bny-tre^  M  If  M  are  the  three  mill-stones,  and  N 
N  N  the  iron  spindles  or  arbors  on  which  the  turning  mill-stones  are 
fixed.  D  is  one  of  three  wheels  or  trundles  which  are  fixed  on  the  upper 
ends  oF  the  spindles  N  N  N;  they  are  16  inches  in  diameter,  and  each  is 
furnished  with  14  staves;  /  is  one  of  the  cama^-rails  on  which  the  upper 
pivot  of  the  spindle  turns,  and  is  four  feet  two  inches  long,  seven  inches 
oroad,  and  four  thick.  It  turns  on  an  iron  bolt  at  one  em^  and  the  other 
end  sHdes  in  a  bracket  fixed  to  one  of  the  joints,  and  forms  a  mortise  in 
which  a  wedge  is  driven  to  set  the  rail  and  trundle  in  or  out  of  work: 
t  is  the  horizontal  spur-wheel  that  impels  the  trundles;  it  is  five  feet  six 
inches  in  diameter,  i^  fixed  to  the  perpendicular  shaft  T,  and  is  fiimidied 
^with  42  teeth.    The  perpendicular  shaft  T  is  nine  feet  one  inch  long,  and 

14  inches  in  diameter,  having  an  iron  spindle  at  each  of  its  extremities;  the 
under  spindle  turns  in  a  brass  block  fixed  into  the  higher  end  of  itc 
column  it;  and  the  upper  spindle  moves  in  a  brass  plate  inserted  into  the 
lower  surface  of  the  carriage-rail  C.  The  spur-wneel  r  is  fixed  on  the 
upper  end  of  the  shaft  T,  and  is  turned  by  the  crown-wheel  v  on  the 
wind  shaft  c;  it  is  three  feet  two  inches  in  diameter,  and  is  furnished  with 

15  cogs.  The  carriage  rail  C,  which  is  fixed  on  the  sliding  kerb  Z,  is  17 
feet  3  inches  long,  one  foot  broad,  and  nine  inches  thick.  Y  Y  Q  is  the 
fixed  kerb,  17  feet  3  inches  diameter,  14  inches  broad,  and  10  thick,  and 
is  mortised  into  the  posts  AAA,  and  fastened  with  screw-bolts.  The 
sliding  kerb  Z  is  of  the  same  diameter  and  breadth  as  the  fixed  kerb,  but 
its  thickness  is  only  7i  inches;  it  revolves  on  12  friction  rollers  fixed  on  the 
4ipper  surfiMse  of  the  kerb  Y  Y  Q,  and  has  four  iron  half-suples,  Y,  Y,  &c 
fi^tened  on  its  outer  edge,  whose  perpendicular  arms  are  10  inches  long, 
two  inches  broad,  and  one  inch  thick,  and  embrace  the  outer  edge  of  the 
fixed  kerb,  to  prevent  the  sliding  one  from  being  blown  off.  The  capsiUs 
X  V  are  13  feet  9  inches  long,  14  inches  broad,  and  1  foot  thick :  they 
are  fixed  at  each  end  with  strong  iron  screw-bolts  to  the  sliding  kerb, 
jind  to  the  carriage-rail  C.  On  the  right  hand  of  u;  is  seen  the  extremity  of 
a  cross-rail,  which  is  fixed  into  the  capsiUs  X  V  by  strong  iron  bolts ;  e  is  a 
bracket  5  feet  long,  16  inches  broad,  and  10  inches  thick ;  it  is  bushed  with 

>  strong  brass  collar,  in  which  the  inferior  spindle  of  the  windshaft  turns, 
and  is  fixed  to  the  cross-rail  W;  h  is  another  bracket,  seven  feet  long,  four 
feet  broacL  and  10  inches  thick ;  it  is  fixed  into  the  four  ends  of  the  capsills, 
.and  in  order  to  embrace  the  collar  of  the  windshaft;  it  is  divided  into  two 
|>arts,  which  are  fixed  together  with  screw-bolts.  The  windshaft  c  is  15  feet 
Jong,  two  feet  in  diameter  at  the  fore  end,  and  18  inches  at  the  other ;  its 
pivot  at  the  back  end  is  six  inches  diameter ;  and  the  shaft  is  perforated, 
.to  admit  an  iron  rod  to  pass  easily  through  it.  The  vertical  crown-wheel  v 
is  six  feet  in  diameter,  and  is  furnished  with  54  cog^  which  drive  the  spur- 
wheel  r;  the  bolster  d^  which  is  six  feet  three  inches  long,  13  inches  broad, 
and  half  a  foot  thick,  is  fastened  into  the  cross-rail  ta,  directly  under  the 
centre  of  the  windshaft,  having  a  brass  pully  fixed  at  its  fore  end.  On  the 
upper  surface  of  this  bolster  is  a  groove  in  which  the  sliding  bolt  R  moves, 
having  a  brass  stud  at  its  fore  end.  This  sliding  boH  is  not  distinctly  seen 
in  the  figure,  but  the  round  top  of  the  brass  stud  is  visible  below  the 
Jetter  A;  the  iron  rod  that  passes  through  the  windshaft  bears  against  this 
brass  stud.  The  sliding  bolt  is  four  feet  nine  inches  long,  mne  inches 
broad,  and  one-third  ofa  foot  thick.  At  its  fore  end  is  fixed  a  line  which 
passes  over  the  brass  pulley  in  the  bolster,  and  appears  at  a  with  a  weigbt 
attached  to  its  extremity,  sufficient  to  make  the  saib  face  the  wind  that  is 
:Strong  enough  for  the  number  of  stones  employed:  and  when  the  pressure 
of  the  wind  is  more  than  sufficient,  the  sails  turn  on  an  edge  and  press  back 
the  sliding  bolt,  which  prevents  them  from  moving  with  too  great  velocity: 
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mnd  as  soon  as  the  wind  abates,  the  sails,  by  the  weight  a,  are  pressed  up 
to  the  wind  till  its  force  is  sufficient  to  give  the  mill  a  proper  degree  of 
▼elocity.  By  this  apparatus  the  wind  is  regulated  and  justly  proportioned 
to  the  resistance,  or  work  to  be  performed ;  an  uniformity  of  motion  is  also 
obtained,  and  the  mill  is  less  liable  to  be  destroyed  by  the  rapidity  of  its 
motion. 

That  the  reader  may  understand  how  these  effects  are  produced,  we  have 
represented  in  fig.  148,  the  iron  rod,  and  the  arms  which  bear  against  the 
ranes  \  ah  is  the  iron  rod  which  passes  through  the  windshaft  c,  in  fig.  147; 
h  is  the  extremity  which  moves  m  the  brass  stud  that  is  fixed  upon  the 
sliding  bolt ;  at,  at,  &c.  are  the  cross-arms  at  right  angles  to  a  h,  whose 
extremities  i,  t,  similarly  marked  in  fig.  147,  bear  upon  the  edges  of  the 
Tanes.  The  arms  a  i  are  6i  feet  long,  reckoning  from  the  centre  «,  one  foot 
broad  at  the  centre,  and  five  inches  thick ;  the  arms  n,  n,  &c.  that  carry  the 
▼anea  or  sails,  are  18^  feet  long,  their  ^eatest  breadth  is  one  foot,  and  their 
tluckness  nine  inches,  gradually  dimmishing  to  their  extremities,  where 
they  are  three  inches  in  diameter.  The  four  cardinal  sails,  iti,  f7>,  iti,  m,  are 
each  13  feet  long,  eight  feet  broad  at  their  outer  end,  and  three  feet  at  tlieir 
lower  extremities ;  p,  p,  &c.  are  the  four  assistant  sails  which  have  the 
tame  dimensions  as  the  cardinal  ones,  to  which  they  are  joined  by  the  line 
S  S  S  S.  The  angle  of  the  ssul's  inclination  when  first  opposed  to  the  wind 
19  45  degrees,  and  regularly  the  same  from  end  to  end. 

It  is  evident  from  the  preceding  description  of  this  machine,  that  the 
windshaft  c  moves  along  with  the  sails ;  the  vertical  crown-wheel  v  impels 
the  spur-wheel  r,  fixed  upon  the  axis  T,  which  carries  also  the  spur-wheel 
/.  This  wheel  drives  the  three  trundles  H,  one  of  which  only  is  seen  in 
the  figure,  which  being  fixed  upon  the  spindles  N,  &c.  communicate  mo- 
tion to  the  turning  mill-stones. 

That  the  wind  may  act  with  the  greatest  efficacy  upon  the 
sails,  the  windshaft  or  principal  axis  must  always  have  the 
same  direction  as  the  wind.  But  as  this  direction  is  per- 
petually changing)  some  apparatus  is  necessary  for  bringing 
the  windshaft  and  sails  into  their  proper  position.  As  both 
the  common  methods  of  adjusting  the  windshaft  require 
human  assistance,  it  would  be  very  desirable  that  the  same 
effect  should  be  produced  solely  by  the  action  of  the  wind. 
This  may  be  done  by  fixing  a  large  wooden  vane  or  weather- 
cock at  the  extremity  of  a  long  horizontal  arm  which  lies  in 
the  same  vertical  plane  with  the  windshaft.  By  this  means, 
when  the  surface  of  the  vane  and  its  distance  from  the  centre 
of  motion  are  sufficiently  great,  a  very  gentle  breeze  will 
exert  a  sufficient  force  upon  the  vane  to  turn  the  machinery, 
and  will  always  bring  the  sails  and  windshaft  to  their  proper 
position.  This  weathercock,  it  is  evident,  may  be  applied 
either  to  machines  which  have  a  movable  roof,  or  to  those 
which  revolve  upon  a  vertical  arbor.  Prior  to  the  French 
revolution,  windmills  were  more  numerous  in  Holland  and 
the  Netherlands  than  in  any  other  part  of  the  world,  and 
there  they  seem  to  have  been  brought  to  a  very  high  state  of 
perfection.  This  is  evident  not  only  from  the  experiments 
S 


Digitized  by 


Google 


138  THE  OPERATIVE  MECHANIC 

of  Mr  Smeaton,  from  which  it  appears  that  sails  weathered 
in  the  Duch  manner  produced  nearly  a  maximum  effect,  but 
also  from  the  observations  of  the  celebrated  Coulomb.  This 
philosopher  examined  above  50  windmills  in  the  neighbour- 
hood of  Lisle,  and  found  that  each  of  them  performed  nearly 
the  same  quantity  of  work  when  the  wind  moved  with  the 
velocity  of  18  or  20  feet  per  second,  though  there  were  some 
trifling  differences  in  the  inclination  of  their  windshafts,  and 
in  the  disposition  of  their  sails.  From  this  fact,  Coulomb 
justly  concluded  that  the  parts  of  the  machine  must  have 
been  so  disposed  as  to  produce  nearly  a  maximum  effect. 

In  the  windmills  on  which  Coulomb's  experiments  were 
made,  the  distance  from  the  extremity  of  each  sail  to  the 
centre  of  the  windshaft  or  principal  axis  was  33  feet.  The 
sails  were  rectangular,  and  their  width  was  a  little  more  than 
six  feet,  five  of  which  were  formed  with  cloth  stretched  upon 
a  frame,  and  the  remaining  foot  consisted  of  a  very  light  board. 
The  line  which  joined  the  board  and  the  cloth  formed,  on  the 
side  which  faced  the  wind,  an  angle  sensibly  concave  at  the 
commencement  of  the  sail,  which  diminished  gradually  till  it 
vanished  at  its  extremity.  Though  the  surface  of  the  cloth  was 
curved,  it  may  be  regarded  as  composed  of  right  lines  perpen- 
dicular to  the  arm  or  whip  which  carries  the  frame,  the  extre- 
mities of  these  lines  corresponding  with  the  concave  angle 
formed  by  the  junction  of  the  cloth  and  the  board.  .  Upon  this 
supposition,  these  right  lines  at  the  commencement  of  the  sail, 
which  was  distant  about  six  feet  from  the  centre  of  the 
windshaft,  formed  an  angle  of  60  degrees  with  the  axis  or 
windshaft,  and  the  lines  at  the  extremity  of  the  wing  formed 
an  angle  increasing  from  78  to  84  degrees,  according  as  the 
inclination  of  the  axis  of  rotation  to  the  horizon  increased 
from  8  to  15  degrees;  or  in  the  mill-wright's  terms,  the 
greatest  angle  of  weather  was  30  degrees,  and  the  least  va- 
ried from  12  to  6  degrees,  as  the  inclination  of  the  windshaft 
varied  from  8  to  15  degrees.  A  pretty  distinct  idea  of  the 
surface  of  windmill  sails  may  be  conveyed  by  conceiving  a 
number  of  triangles  standing  perpendicular  to  the  horizon, 
in  which  the  angle  contained  between  the  hypothenuse  and 
the  bdse  is  constantly  diminishing;  the  hypothenuse  of  each 
triangle  will  then  be  in  the  superficies  of  the  vane,  and  they 
would  form  that  superficies  if  their  number  were  infinite. 
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ON    HORIZONTAL    WINDMILLS. 

A  variety  of  opinions  have  been  entertained  respecting 
the  relative  advantages  of  horizontal  and  vertical  windmills. 
Mr  Smeaton  gives  a  decided  preference  to  the  latter ;  but, 
when  he  asserts  that  horizontal  windmills  have  only  one- 
eighth  or  one-tenth  of  the  power  of  vertical  ones,  he  cer- 
tainly forms  too  low  an  estimate  of  their  power.  Mr  Beatson, 
on  the  contrary,  who  has  a  patent  for  the  construction  of  a 
new  horizontal  windmill,  seems  to  be  prejudiced  in  their 
favour.  From  an  impartial  investigation,  it  will  probably  ap- 
pear, that  the  truth  lies  between  these  two  opposite  opinions; 
but  before  entering  on  this  discussion,  we  must  first  consider 
the  nature  and  form  of  horizontal  windmills ;  which  we  shall 
do  in  presenting  the  reader  with  a  description  of  the  hpri- 
zontal  mill  erected  at  Margate  by  Captain  Hooper. 

Pig.  149  is  an  upright  section,  and  fig.  150  a  plan  of  the  building. 
H  H  are  the  side  walls  o£  an  octagonid  building  which  contains  the 
mtchineiy.  These  walls  are  surmounted  by  a  strong  timber  framing 
G  G,  of  the  same  form  as  the  building,  and  connected  at  top  by  cross- 
friming  to  support  the  roo^  and  also  the  upper  pivot  of  the  main  vertical 
shaft  A  A,  which  has  three  sets  of  arms,  B  11,  C  C,  D  D,  framed  upon  it  at 
that  part  which  rises  above  the  height  of  the  walls.  The  arms  are  strength- 
ened  and  supported  by  diagonal  braces,  and  their  extremities  are  bolted  to 
octagonal  wood  frames,  round  which  the  vanes  or  floats  £  £  are  fixed, 
as  seen  in  outline  in  fig.  150,  so  as  to  form  a  large  wheel,  resembling  a 
water-wheel,  which  is  less  than  the  size  of  the  house  by  about  18  inches 
all  round.  This  space  is  occupied  by  a  number  of  vertical  boards  or 
blinds  F  F,  turning  on  pivots  at  top  and  bottom,  and  placed  obliquely, 
so  as  to  overlap  each  other,  and  completely  shut  out  the  wind,  and  stop 
the  mill,  by  forming  a  close  case  surrouncUng  the  wheel ;  but  they  can 
be  mov^  altogether  upon  their  pivots  to  allow  the  wind  to  blow  in  the 
direction  of  a  t^mgent  upon  the  vanes  on  one  side  of  the  wheel,  at  the  time 
the  other  side  is  completely  shaded  or  defended  by  the  boarding.  The 
position  of  the  blinds  is  clearly  shown  at  F  F,  fig.  150.  At  the  lower  end 
of  the  vertical  shaft  A  A,  a  large  spur-wheel  a  a  is  fixed,  which  gives  motion 
to  a  pinion  c,  upon  a  small  vertical  axis  d,  whose  upper  pivot  turns  in  a 
bearing  bolted  to  a  girder  of  the  floor  n.  Above  the  pinion  e,  a  spur- 
wheel  e  is  placed,  to  give  motion  to  two  small  pinions  /,  on  the  upper 
ends  of  the  spindles  g,  of  the  mill-stone  h.  Another  pinion  is  situate  at  the 
opposite  side  of  the  great  spur-wheel  a  a,  to  give  motion  to  a  third  pair  of 
iniu-stonesy  which  are  used  when  the  wind  is  very  strong;  and  then  the 
wheel  turns  so  quick  as  not  to  need  the  extra  wheel  e  to  nve  the  requisite 
velocity  to  the  stones.  The  weight  of  the  main  vertical  shaft  is  borne  by  a 
•trong  timber  b,  having  a  brass  box  placed  on  it  to  receive  the  lower  pivot  of 
the  shaft.  It  is  supported  at  its  ends  by  cross-beams  mortised  into  the  upright 
posts  bbfUB  shown  m  the  plan,  fig.  150.  A  floor  or  roof  II  is  thrown  across 
the  top  of  the  brick  building  to  protect  the  machinery  from  the  weather,  and 
to  prevent  the  rain  blowing  down  the  opening  through  which  the  shaft  de- 
scends, a  broad  circular  hoop  K  is  fi;ted  to  the  floor,  and  is  surrounded  by 
another  hoop  or  case  L,  which  is  fixed  to  the  arms  D  D  of  the  wheel    Thi* 
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last  is  of  such  a  size,  as  exactly  to  go  over,  the  hoop  K,  without  touching'  it 
when  the  wheel  turns  round.  By  this  means,  the  rain  is  perfectly  excluded 
from  the  upper  room  M,  which  serves  as  a  granary,  being  fitted  up  with  the 
bins  m  TO,  to  contain  the  different  sorts  of  grain  which  is  raised  up  by  the 
sack-tackle.  A  wheel  i  b  fixed  on  the  main  shaft,  having  cogs  projecting* 
from  both  sides.  Those  at  the  under  side  work  into  a  pinion  on  the  end  of 
the  roller  K,  which  is  for  the  purpose  of  drawing  up  sacks.  Another  pinion 
is  situated  above  the  wheel  t,  which  has  a  roller  projecting  out  over  the  flap- 
doors  seen  at/i,  in  fig.  150,  to  land  the  sacks  upon.  The  two  pinions  m  m, 
fig.  150,  are  turned  by  the  great  wheel  a  a,  and  are  for  giving  motion  to  the 
dressing  and  bolting  machines,  which  are  placed  upon  the  floor  N,  but  are 
not  shown  in  the  drawing,  being  exactly  similar  to  the  dressing  machines 
used  in  all  flour  mills.  The  cog^  upon  the  g^eat  wheel  a  are  not  so  broad 
as  the  rim  itself,  having  a  plain  rim  about  three  inches  broad.  This  is  en- 
compassed by  a  broad  iron  hoop,  which  is  made  fast  at  one  end  to  the  up- 
right post  b;  the  other  being  jointed  to  a  strong  levern,  to  the  extreme  end 
of  which  a  purchase  o  is  attached,  and  the  fall  is  made  fast  to  iron  pins  on 
the  top  of  a  frame  fixed  to  the  ground.  This  apparatus  answers  the  purpose 
of  the  brake  or  gripe  used  in  common  windmills  to  stop  their  motion.  Uy 
pulling  the  fall  of  the  purchase  o,  it  causes  the  iron  strap  to  embrace  the  great 
wheel,  and  produces  a  resistance  sufficient  to  stop  the  wheel.  The  mill 
can  be  regulated  in  its  motion,  or  stopped  entirely,  by  opening  or  shuttings 
the  blinds  F,  which  surround  the  fan-wheel.  They  are  all  moved  at  once 
by  a  circular  ring  of  wood  situated  just  beneath  the  lower  ends  of  the  blinds 
upon  the  floor  I  J,  being  connected  with  each  blind  by  a  short  iron  link- 
The  ring  is  moved  round  by  a  rack  and  spindle  which  descend  into  the  mill- 
room  below,  for  the  convenience  of  the  miller. 

The  mode  of  bringing  the  sails  back  against  the  wind,  which  Mr  Beatson 
invented,  is,  perhaps,  tiie  simplest  and  best  for  that  end.  He  makes  each 
sail  A  I,  fig.  151,  to  consist  of  six  or  eight  flaps  or  vanes.  A  P,  6  1,  6  1,  c  2, 
&c.  moving  upon  hinges  represented  by  the  dark  lines,  A  P,  6  1,  c  2,  &c. 
so  that  the  lower  side  i  1  of  the  first  flap  wraps  over  the  hinge  or  higher 
side  of  the  second  flap,  and  so  on.  When  the  wind,  therefore,  acts  upon 
the  sail  A  I,  each  flap  will  press  upon  the  hing«  of  the  one  immediately 
below  it,  and  the  whole  surface  of  the  sail  will  be  exposed  to  its  action. 
But  when  the  sail  A  I  returns  against  the  wind,  the  flaps  will  revolve  round 
upon  their  hinges,  and  present  only  their  edges  to  the  wind,  as  is  repre- 
sented at  E  G,  so  that  the  resistance  occasioned  by  the  return  of  the  sail 
must  be  greatly  diminished,  and  the  motion  will  be  continued  by  the  g^at 
superiority  of  force  exerted  upon  the  sails  in  the  position  A  1.  In  com- 
puting the  force  of  the  wind  upon  the  sail  A  I,  and  the  resistance  opposed 
to  it  by  the  edges  of  the  flaps  in  E  G,  Mr  Beatson  finds,  that  when  the 
pressure  upon  the  former  is  18?^  pounds,  the  resistance  opposed  by  the 
latter  is  only  about  36  pounds,  or  one-fifty-second  part  of  the  whole  force? 
but  he  neglects  the  action  of  the  wind  upon  the  arms,  C  A,  &c.  and  the 
frames  which  carry  the  sails,  because  they  expose  the  same  surface  in  the 
position  A  I,  as  in  the  position  E  G.  This  omission,  however,  has  a  tendency 
to  mislead  us  in  the  present  case,  as  we  shall  now  see;  for  we  ought  to 
compare  the  whole  force  exerted  upon  the  arms,  as  well  as  the  sail,  with 
the  whole  resistance  which  these  arms  and  the  edges  of  the  flaps  oppose 
to  the  motion  of  the  windmill.  By  inspecting  the  figure  it  will  appear,  that 
if  the  force  upon  the  edges  of  the  flaps,  which  Mr  Beatson  supposed  to  be 
12  in  number,  amounts  to  36  pounds,  the  force  spent  upon  the  bars  C  Dy 
D  G,  G  P,  F  E,  &c.  cannot  be  less  than  60  pounds.  Now,  since  these 
bars  are  acted  upon  with  an  equal  force,  when  the  sails  have  the  position 
A  I,  187?  -4-  60  =  1932  will  be  the  force  exerted  upon  the  sail  A  1  audits 
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uppendagesy  while  the  opposite  force  upon  the  bars  and  edges  of  the  flaps 
when  returning'  against  the  wind  will  be  36  4-  ^  =  96  pounds,  which  is 
nearly  one-twentieth  of  1932,  instead  of  one-fifty-second,  as  computed  by 
Mr  Ueatson.  Hence  we  may  see  the  advantages  which  will  probably  arise 
from  using  a  screen  for  the  returning  .sail  instead  of  movable  naps,  as  it  will 
preserve  not  only  the  sail,  but  the  arms  and  the  frame  which  supports  it, 
from  the  action  of  the  wind.* 

Mr  Brewster  makes  also  the  following  remark  on  the  com- 
parative power  of  horizontal  and  vertical  windmills.  It  has 
been  already  stated,  that  Mr  Smeaton  rather  underrated  the 
former  while  he  maintained  that  they  have  only  one-eighth  or 
one; tenth  the  power  of  the  latter.  He  observes,  that  when 
the  vanes  of  a  horizontal  and  a  vertical  mill  are  of  the  same 
dimensions,  the  power  of  the  latter  is  four  times  that  of  the 
former ;  because,  in  the  first  case,  only  one  sail  is  acted  upon 
at  once ;  while,  in  the  second  case,  all  the  four  receive  the 
impulse  of  the  wind.  This,  however,  is  not  strictly  true, 
since  the  vertical  sails  are  all  oblique  to  the  direction  of  the 
wind.  Let  us  suppose  that  the  area  of  each  sail  is  100  square 
feet ;  then  the  power  of  the  horizontal  sail  may  be  called 
100  X  sin.^  70°,  (which  is  the  common  angle  of  inclination,) 
=  88  nearly ;  but  since  there  are  four  vertical  sails,  the  power 
of  them  all  will  be  4  x  88  =  352  :  so  that  the  power  of  the 
horizontal  sail  is  to  that  of  the  four  vertical  ones  as  1  to 
3.52,  and  not  as  1  to  4,  according  to  Mr  Smeaton.  But  Mr 
Smeaton  also  observes,  that  if  we  consider  the  further  disad- 
vantages which  arises  from  the  difficulty  of  getting  the  sails 
back  against  the  wind,  we  need  not  wonder  if  horizontal 
windmills  have  only  about  |  or  -j\j.  of  the  common  sort.  We 
have  already  seen  that  the  resistance  occasioned  by  the  return 
of  the  sails  amounts  to  -^-^  of  the  whole  force  which  they  re- 
ceived ;  by  subtracting  ^\  therefore,  from  -g^,  we  shall  find 
that  the  power  of  horizontal  windmills  is  only  ^i^^,  or  little 
more  than  one-fourth  less  than  that  of  vertical  ones.  This 
calculation  proceeds  upon  a  supposition  that  the  whole  force 
exerted  upon  vertical  sails  is  employed  in  turning  them  round 
the  axis  of  motion  ;  whereas  a  considerable  part  of  this  force 
is  lost  in  pressing  the  pivot  of  the  axis  or  windshaft  against  its 
gudgeon.  Mr  Smeaton  has  overlooked  this  circumstance, 
otherwise  he  could  never  have  maintained  that  the  power  of 

•  The  sails  of  horizontal  windmills  are  sometimes  fixed  like  float-boards 
on  the  circumference  of  a  large  drum  or  cylinder.  These  sails  move  upon 
hinges  so  as  to  stand  at  right  angles  to  the  drum,  when  they  are  to  receive 
the  impulse  of  the  wind ;  and  when  they  return  against  it,  they  fold  down 
upon  itB  circumference. 
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four  vertical  sails  was  quadruple  the  power  of  one  hbrizontal 
sail,  the  dimensions  of  each  being  the  same.  Taking  this 
circumstance  into  the  account,  we  cannot  be  far  wrong  Id 
saying  that,  in  theory  at  least,  if  not  in  practice,  the  power 
of  a  horizontal  windmill  is  about  one-third  or  one-fourth  of 
the  power  of  a  vertical  one,  when  the  quantity  of  surface  and 
the  form  of  the  sails  are  the  same,  and  when  all  the  parts  of 
the  horizontal  sails  have  the  same  distance  from  the  axis  of 
motion  as  the  corresponding  parts  of  the  vertical  sails.  But 
if  the  horizontal  sails  have  the  position  A  I,  E  G,  in  fig.  151, 
instead  of  the  position  C  A  dm,  C  D  on,  their  effect  will  be 
greatly  increased,  though  the  quantity  of  surface  is  the  same  ; 
because  the  part  C  P  3  m  being  transferred  to  B  I  3d,  has 
much  more  power  to  turn  the  sails.  Having  tliis  method, 
therefore,  ofincreasing  the  effect  of  horizontal  sails,  which 
cannot  be  applied  to  vertical  ones,  we  would  encourage  every 
attempt  to  improve  their  construction,  as  not  only  laudable  Id 
itself,  but  calculated  to  be  of  essential  utility  in  a  commercial 
country. — See  Dr  Brewster's  valuable  Appendix  to  Fergu- 
son's Lectures. 


FLOira-MILLS. 

In  fig.  152  we  have  given  a  section  of  a  double  flour-mill, 
reduced  from  Gray's  Experienced  Mill-wright,  with  the  fol- 
lowing account : 

A  A,  the  water-wheel.  1\  B,  its  shaft  or  axle.  C  C,  a  wheel  fixed  upon 
the  same  shaft,  containing  90  teeth  or  cogs,  to  drive  the  pinion  No  1, 
having  23  teeth,  which  is  fastened  upon  the  vertical  shaft  D.  No.  2,  a 
wheel^xed  upon  the  shaft  D,  containing  82  teeth,  to  turn  the  two  pinions 
F  F,  having  15  teeth,  which  are  fastened  upon  the  iron  axles  or  spindles 
that  cany  the  two  upper  mill-stones.  E  E,  the  beam  or  siM  that  supports 
the  frame  on  which  the  under  mill-stones  are  laid.  G  G,  the  cases  or 
boxes  that  enclose  the  upper  miU-stones ;  they  should  be  about  two  inches 
distant  from  the  stone  all  round  its  circumference.  T  T,  the  bearers,  called 
bridges,  upon  which  the  under  end  of  the  iron  spindles  turn.  These 
spindles  pass  upwards  through  a  hole  in  the  middle  of  the  nether  miU-stones, 
in  which  is  fixed  a  wooden  bush  that  their  upper  ends  turn  in.  The  top 
part  of  the  spindles,  above  each  wooden  bush,  is  made  square,  and  goes 
into  a  square  hole  in  an  iron  cross,  which  b  admitted  into  g^rooves  in  the 
middle  and  under  surface  of  the  upper  mill-stone.  By  this  means  that  stone 
is  carried  round  along  with  the  trundles  F  F,  when  turned  by  the  wheel 
No.  2.  One  end  of  ihe  bridges  T  T  is  put  into  mortises  in  fixed  bearers; 
and  the  other  end  into  mortises  in  the  bearers  that  move  at  one  end  oa  iron 
bolts,  their  other  ends  hanging  by  iron  rods  having  screwed  nuts,  as  U  U$ 
so  that  when  turned  forward  or  backward  they  raise  or  depress  the  upper 
miU-stones,  according  as  the  miller  finds  it  necessary.  S  S,the  feeders,  in  the 
under  end  of  each  of  which  is  a  square  socket  that  goes  upon  the  square  of 
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the  spindles  above  the  bon  cross  or  rind,  and  having  three  or  four  branches 
that  moTc  the  spout  or  shoe,  and  feed  the  wheel  constantljr  from  the 
hoppers  into  the  nole  or  eye  of  the  upper  mill-stone,  where  it  is  introduced 
betwixt  the  stones,  and  by  the  circular  motion  of  the  upper  stone  acquires 
a  centrifugal  force,  and  proceeding  gradually  from  the  eye  of  the  mill- 
stone towards  the  circumference,  is  at  length  thrown  out  in  flour  or  roeaL 
R  R,  the  sluice,  machine,  and  haiidle,  to  raise  the  sluice,  and  let  the  water 
on  the  wheel  A  to  drive  it  round.     No.  3  is  a  wheel  fixed  upon  the  shaft  D, 
contuning  44  teeth,  to  turn  the  pinion  No.  4,  havinj^  15  teeth,  which  is 
ftstened  upon  the  horizontal  axle  H.     On  this  axle  is  also  fixed  the  bar- 
rel K,  on  which  go  the  two  leathi    uelts  that  turn  the  wire  engine  and 
bolting  mill.     L,  ar  iron  spindle,  in  the  under  end  of  which  is  a  square 
socket  that  takes  i:       ^uare  on  the  top  of  the  gudgeon  of  the  vertical  shaft 
D.     There  is  a  pim^^.  M,  of  nine  teeth,  fixed  on  the  upper  end  of  the 
spindle  Jo,  to  turn  the  wheel  M  M,  having  48  teeth,  which  is  fastened 
upon  the  axle  round  which  the  rope  Z  Z  rolls,  to  carry  the  sacks  of  flour  up 
to  the  cooling  benches.    By  puUing  the  cord  0  0a  little,  the  wheel  M  M 
and  its  axle  are  put  into  motion,  in  consequence  of  that  wheel  and  its  axle 
being  moved  horizontally,  until  the  teeth  of  the  wheel  are  brought  into 
contact  with  those  of  the  pinion  at  the  top  of  the  spindle  L:  and,  on  the 
contrary,  by  pulling  the  cord  P  P,  the  wheel  M  and  its  axle  are  moved  in 
the  opposite  horizontal  direction,  tiU  they  are  thrown  out  of  g^er  with  the 
pimon,  and  the  rotatory  motion  of  that  wheel  stops.    But  when  the  sack 
of  floor  is  raised  up  to  the  lever  Q,  it  pushes  up  that  end  of  the  lever,  and 
of  course  the  other  end  down;  by  which  means  the  pinion  M  is  disengaged, 
and  thus  that  part  of  the  machine  stops  of  itself.     N  N  are  two  large  hop- 
pers, into  which  the  clean  wheat  is  put  to  be  conveyed  down  to  the  hoppers 
S  S,  placed  on  the  frame  inunediately  above  the  mill-stones.    W  W,  the 
side  wall  of  the  mill-house.    V,  the  couples  or  frame  €i  the  roof.    X  X, 
windows  to  lighten  the  house. 

Fig.  153  represents  the  surface  of  the  under  grinding  mill-stone;  the  way 
of  laying  out  the  roads  or  channels)  the  wooden  bush  fixed  into  the  hole  in 
its  midme,  in  which  the  upper  end  of  the  iron  spindle  turns  round;  and  the 
case  or  hoops  that  surround  the  upper  one,  which  ought  to  be  two  inches 
clear  of  the  stone  all  round  its  circumference. 

Fig.  154,  the  upper  grinding  mill-stone,  and  iron  cross  or  rind  in  its  mid- 
dle; in  the  centre  of  which  is  a  square  hole  that  takes  in  a  square  on  the  top 
of  the  iron  spindle,  to  carry  round  the  mill-stone.  When  the  working  sides 
or  faces  of  the  mill-stones  are  laid  uppermost,  the  roads,  (or  channels,) 
must  lie  in  the  same  direction  in  both;  so  that  when  the  upper  stone  is  turn* 
ed  over,  and  its  surface  laid  upon  the  under  one,  then  the  channels  may  cross 
each  other,  which  assists  in  grinding  and  throwing  out  the  flour,  the  sharp 
edges  of  the  two  furrows  then  cutting  against  each  other  like  scissars.  The 
roads  are  likewise  laid  out  according  to  the  way  the  upper  stone  revolves.- 
In  those  represented  in  the  figures,  the  running  mill-stone  is  supposed  to 
turn  "  sunway,"  or  as  in  what  is  called  a  right-handed  mill:  but  if  the  stone 
revolves  the  oUier  way,  the  channels  must  be  cut  the  reverse  of  this,  and 
then  the  mill  is  termed  a  left-handed-one. 

The  mill-stones  are  of  the  utmost  importance  in  the  con- 
struction of  flour-mills,  as  upon  them  principally  depends  the 
quality  of  the  meal ;  we  cannot,  therefore,  do  better  than  to 
annex  Mr  Ferguson's  opinion  upon  them,  as  also  some  sub- 
sequent remarks  by  his  editor,  Dr  Brewster. 
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MILL-STONE. 

The  heavier  the  running  mill-stone  is,  and  the  greater  the 
quantity  of  water  that  falls  upon  the  wheel,  so  much  the 
faster  will  the  mill  bear  to  be  fed,  and  consequently,  so  much 
the  more  it  will  grind  :  and  on  the  contrary,  the  lighter  the 
stone,  and  the  less  the  quantity  of  water,  so  much  slower  must 
the  feeding  be.  But  when  the  stone  is  considerably  wore, 
and  become  light,  the  mill  must  be  fed  slowly  at  any  rate; 
otherwise  the  stone  will  be  too  much  borne  up  by  the  com 
under  it,  which  will  make  the  meal  coarse. 

The  quantity  of  power  required  to  turn  a  heavy  mill-stone 
is  but  very  little  more  than  what  is  sufficient  to  turn  a  light 
one  :  for  as  it  is  supported  upon  the  spindle  by  the  bridge- 
tree,  and  the  end  of  the  spindle  that  turns  in  the  brass  foot 
therein  being  but  small,  the  odds  arising  from  the  weight  is 
but  very  inconsiderable  in  its  action  against  the  power  or 
force  of  the  water ;  and,  besides,  a  heavy  stone  has  the  same 
advantage  as  a  heavy  fly,  namely,  that  it  regulates  the  motion 
much  better  than  a  light  one. 

In  order  to  cut  and  grind  the  corn,  both  the  upper  and 
under  mill-stones  have  channels  or  furrows  cut  into  them, 
proceeding  obliquely  from  the  centre  towards  the  circum- 
ference :  and  these  furrows  are  cut  perpendicularly  on  one 
side,  and  obliquely  on  the  other,  into  the  stone,  which  gives 
each  furrow  a  sharp  edge,  and  in  the  two  stones  they  come, 
as  it  were,  against  one  another  like  the  edges  of  a  pair  of 
scissars,  and  so  cut  the  corn,  to  make  it  grind  the  easier 
when  it  falls  upon  the  place  between  the  furrows.  These 
are  cut  the  same  way  in  both  stones  when  they  lie  upon  their 
backs,  which  makes  them  run  cross  ways  to  each  other  when 
the  upper  stone  is  inverted,  by  turning  its  furrowed  surface 
toward  that  of  the  lower.  For,  if  the  furrows  of  both  stones 
lay  the  same  way,  a  great  deal  of  the  corn  would  be  driven 
onward  in  the  lower  furrows,  and  so  come  out  from  between 
the  stones  without  being  either  cut  or  bruised. 

When  the  furrows  become  blunt  and  shallow  by  wearing, 
the  running  stone  must  be  taken  up,  and  both  stones  new 
dressed  with  a  chisel  and  hammer ;  and  every  time  the  stone 
is  taken  up,  there  must  be  some  tallow  put  round  the  spindle 
upon  the  bush,  which  will  soon  be  melted  by  the  heat  the 
spindle  acquires  from  its  turning  and  rubbing  against  the 
bush,  and  so  will  get  in  between  them,  otherwise  the  bush 
would  take  fire  in  a  very  little  time. 

The  bush  must  embrace  the  spindle  quite  close,  to  prevent 
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any  shake  in  the  motion,  which  would  make  some  parts  of 
the  slooea  grate  and  fire  against  each  other,  while  other  parts 
of  them  would  be  too  far  asunder,  and  by  that  means  spoil 
the  meal  in  grinding. 

Whenever  the  spindle  wears  the  bush  so  as  to  begin  to 
shake  in  it,  the  stone  must  be  taken  up  and  a  chisel  drove 
into  several  parts  of  the  bush ;  and  when  it  is  taken  out, 
wooden  wedges  must  be  driven  into  the  holes;  by  which 
means  the  bush  will  be  made  to  embrace  the  spindle  close 
all  ro€md  it  again.  In  doing  this,  great  care  must  be  taken 
to  drive  equal  wedges  into  the  bush  on  opposite  sides  of  the 
spindle,  otherwise  it  will  be  thrown  out  of  the  perpendicular, 
and  so  hinder  the  upper  stone  from  being  set  parallel  to  the 
under  one,  which  is  absolutely  necessary  for  making  good 
work.  When  any  accident  of  this  kind  happens,  the  perpen- 
dieuJar  position  of  the  spindle  must  be  restored  by  adjusting 
the  bridge-tree  by  proper  wedges  put  between  it  and  the 
brayer. 

It  often  happens  that  the  rind  is  a  little  wrenched  in  lay- 
ing down  the  upper  stone  upon  it,  or  is  made  to  sink  a  little 
lower  upon  one  side  of  the  spindle  than  upon  the  other ;  and 
this  will  cause  one  edge  of  the  upper  stone  to  drag  all  round 
upon  the  other,  while  the  opposite  edge  will  not  touch. 
But  this  is  easily  set  to  rights,  by  raising  the  stone  a  little 
with  a  lever,  and  putting  bits  of  paper,  cards,  or  thin  chips, 
between  the  rind  and  the  stone. 

The  diameter  of  the  upper  stone  is  generally  about  six  feet, 
the  lower  stone  about  an  inch  more ;  and  the  upper  stone, 
when  new,  contains  about  22^  cubic  feet,  which  weighs 
somewhat  more  than  19,000  pounds.  A  stone  of  this  diame- 
ter ought  never  to  go  more  than  60  times  round  in  a  minute, 
for  if  it  turns  faster  it  will  heat  the  meal. 

The  grinding  surface  of  the  under  stone  is  a  little  convex 
from  the  edge  to  the  centre,  and  that  of  the  upper  stone  a 
little  more  concave  :  so  that  they  are  farthest  from  one 
another  in  the  middle,  and  come  gradually  nearer  towards 
the  edges.  By  this  means,  the  corn  at  its  first  entrance  be- 
tween the  stones  is  only  bruised ;  but  as  it  goes  farther  on 
towards  the  circumference  or  edge,  it  is  cut  smaller  and 
smaller ;  but  at  last  finely  ground  just  before  it  comes  out 
from  between  them.* 

*  The  upper  miU-stone,  when  six  feet  in  diameter,  is  generally  hoUowed 
about  one  indi  at  the  centre ;  and  the  under  one  rises  about  three-fourtha 
of  an  inch.  The  com  that  falls  from  the  hopper  insinuates  itself  between 
them  as  far  as  two-thirds  of  the  radius  where  the  grinding  begins ;  the 
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When  the  furrows  of  mill-stones  are  worn  shallow,  and 
consequently  new  dressed  with  the  chisel,  the  same  quantity 
of  stone  must  be  taken  from  every  part  of  the  grinding  sur- 
face, that  it  may  have  the  same  convexity  or  concavity  as 
before.  As  the  upper-mill  stone  should  always  have  the 
same  weight  when  its  velocity  remains  unchanged,  it  will  be 
necessary  to  add  to  it  as  much  weight  as  it  lost  in  the  dress- 
ing. This  will  be  most  conveniently  done  by  covering  its 
top  with  a  layer  of  plaster,  of  the  same  diameter  as  the  layer 
of  stone  taken  from  its  grinding  surface,  and  as  much  thicker 
than  the  layer  of  stone,  as  the  specific  gravity  of  the  stone 
exceeds  the  specific  gravity  of  the  plaster.  That  the  reader 
may  have  some  idea  of  the  manner  in  which  the  furrows,  or 
channels,  are  arranged,  we  have  represented,  fig.  154,  the 
grinding  surface  of  the  upper  mill-stone,  upon  the  suppo- 
sition that  it  moves  from  east  to  west,  or  for  what  is  called 
a  right-handed  mill.  When  the  mill-stone  moves  in  the  op- 
posite direction,  the  position  of  the  furrows  must  be  reversed. 

In  fig.  156,  we  have  &  section  of  the  mill-stone,  spindle  and  lantern.  The 
under  mill-stone  M  P  H  G,  which  never  moves,  may  be  pf  any  thickness. 
Its  landing  surface  must  be  of  a  conical  form,  the  point  b  being  about  an 
inch  above  the  horizontal  line  P  R,  and  M  a  and  P  b  being  straight  lines. 
The  upper  mill-stone  E  F  P  M,  which  is  fixed  to  the  spindle  C  D,  at  C, 
and  is  carried  round  with  it,  should  be  so  hollowed  that  the  angle  O  M  a, 
formed  by  the  grinding  surfaces,  may  be  of  such  a  size  that  O  n,  being 
taken  equal  to  n  M,  n  «  may  be  equal  to  the  thickness  of  a  grain  of  com. 
The  diameter  O  N  of  the  mill-eye  m  C,  should  be  between  8  and  14  inches  ; 
and  the  weight  of  the  upper  mill-stone  E  P,  joined  to  the  weight  of  the 
spindle  C  D,  and  the  trundle  x,  (the  sum  of  which  three  numbers  is  called 
the  equipage  of  the  turning  mill -stone,)  should  never  be  less  than  1550 
pounds  avoirdupois,  otherwise  the  resistance  of  the  grain  would  bear  up 
the  mill-stone,  and  the  meal  be  ground  too  coarse. 

In  order  to  find  the  weight  of  the  equipage ;  divide  the  third  of  the  ra- 
dius of  the  gudgeon  by  the  radius  of  the  water-wheel  which  it  supports, 
and  having  taken  the  quotient  from  2,25,  multiply  the  remainder  by  the 
expense  of  the  source,  by  the  relative  fall,  and  by  the  number  19,911,  and 
you  will  have  a  first  quantity,  which  may  be  regarded  as  pounds.  Multi- 
ply the  square  root  of  the  relative  fall  by  the  weight  of  the  arbor  of  the 
water-wheel,  by  the  radius  of  its  gudgeon,  and  by  the  number  1617,  and 
a  second  quantity  will  be  had,  which  will  also  represent  pounds.  Divide 
the  third  part  of  the  radius  of  the  gudgeon  by  the  radius  of  the  water- 
wheel,  and  having  augmented  the  quotient  by  unity,  multiply  the  sum  by 
1005,  and  a  third  quantity  will  be  obtained.  Subtract  the  second  quantity 
from  the  first,  divide  the  remainder  by  the  third,  and  the  quotient  will  ex- 
press the  number  of  pounds  in  the  equipage  of  the  mill. stone. 

The  weight  of  the  equipage  being  thus  found,  extract  its 

distance  between  the  stones  being  there  about  two-thirds  or  three-fourths 
of  the  thickness  of  a  g^ain  of  com.  This  distance,  however,  can  be  altered 
at  pleasure,  by  raising  or  sinking  the  upper  stone. — Dr  Brewster. 
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square  root,  expressed  in  pounds,  and  multiply  it  by  039,  and 
the  product  will  be  the  radius  of  the  mill-stone  in  feet. 

In  order  to  find  the  weight  and  thickness  of  the  upper 
mill-stone,  the  following  rules  must  be  observed : 

1.  To  find  the  weight  of  a  quantity  of  stone  equal  to  the  miU-eye  ^  take 
any  quantity  which  seems  most  proper  for  the  weight  of  the  spindle  C  D, 
and  ihe  lantern  X,  and  subtract  this  quantity  from  the  weight  of  the  mill- 
utone's  equipage,  for  a  first  quantity.  Find  the  area  of  the  mill-eye,  and 
multiply  it  by  the  weight  of  a  cubic  foot  of  stone  of  the  same  kind  as  the 
mill-stone,  and  a  second  quantity  will  be  had.  Multiply  the  area  of  the  mill- 
stone by  the  weight  of  a  cubic  foot  of  the  same  stone,  for  a  third  quantity. 
Multiply  the  first  quantity  by  the  second,  and  divide  the  product  by  the 
third,  and  the  quotient  will  be  the  weight  required. 

2.  To  find  the  number  of  cubic  feet  in  the  turning  mill-stone,  supposing  it 
to  have  no  eye  ;  from  the  weight  of  the  spindle  and  lantern  subtract  the  quan- 
tity found  by  the  preceding  rule  for  the  first  number.  Subtract  this  first 
number  from  the  weight  of  the  equipage,  and  a  second  number  will  be  ob- 
tained. Di^-ide  the  second  quantity  by  the  weight  of  a  cubic  foot  of  stone 
of  the  same  quality  as  the  mill  stone,  and  the  quotient  will  be  the  number 
of  cubic  feet  in  E  M  P  F,  m  C  being  supposed  to  be  filled  up. 

3.  To  find  the  quantities  m  N  and  E  M,  i.  e.  the  thickness  of  the  mill-stone 
at  its  centre  and  circumference  ;  divide  the  solid  content  of  the  mill-stone,  as 
found  by  the  preceding  rule,  by  its  area,  and  you  will  have  the  first  quan- 
tity. And  b  R,  which  is  generally  about  an  inch,  to  twice  the  diameter  of  a 
grain  of  com,  for  a  second  quantity.  Add  the  first  quantity  to  one-third  of 
the  second,  and  the  sum  will  be  the  thickness  of  the  mill-stone  at  the  cir- 
cumference. Substract  the  third  of  the  second  quantity  frt)m  the  first 
quantity,  and  the  remainder  wiU  be  its  thickness  at  the  centre. 

The  size  of  the  mill-stone  being  thus  found,  its  velocity  is 
next  to  be  determined.  M.  Fabre  observes,  that  the  flour  is 
the  best  possible  when  a  mill-stone  five  feet  in  diameter  makes 
from  48  to  Gl  revolutions  in  a  minute.  Mr  Ferguson  allows 
60  turns  to  a  mill-stone  six  feet  in  diameter;  and  Mr  Imison 
120  to  a  mill-stone  4^  feet  in  diameter.  In  mills  upon  Mr 
Imison's  construction,  the  great  heat  that  must  be  generated 
by  such  a  rapid  motion  of  the  mill-stone,  must  render  the 
meal  of  a  very  inferior  quality:  much  time,  on  the  contrary, 
will  be  lost,  when  such  a  slow  motion  is  employed  as  is  recom- 
mended by  M.  Fabre  and  Mr  Furguson.  In  the  best  corn- 
mills  in  this  country,  a  mill-stone  five  feet  in  diameter  re- 
volves, at  an  average,  90  times  in  a  minute.  The  number  of 
revolutions  in  a  minute,  therefore,  which  must  be  assigned  to 
mill-stones  of  a  different  size,  may  be  found  by  dividing  450 
by  the  diameter  of  the  mill-stone  in  feet. 

The  spindle  e  D,  which  is  commonly  six  feet  long,  may  be  made  either 
of  iron  or  wood.  When  it  is  of  iron,  and  the  weight  of  the  mill -stone 
7558  pounds  avoirdupois,  it  is  generally  three  inches  in  diameter ;  and 
when  made  of  wood,  it  is  10  or  11  inches  in  diameter.  For  miU-stones  of 
a  different  weight,   the  thickness  of  the  spindle  may  be  found  by  propor- 
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tioning  it  to  the  square  root  of  the  mill-stone's  weight,  or  which  i£  nearly 
the  same  thing,  to  the  weight  of  the  mill-stone's  equipage. 

The  greatest  diameter  of  the  piVot  D,  upon  which  the  mill-stone  rests, 
should  be  proportional  to  the  square  root  of  the  equipage,  a  pivot  half  an 
inch  diameter  being  able  to  support  an  equipage  of  5398  pounds.  In 
most  machines,  the  diameter  of  the  pivots  is  by  far  too  large,  being  capable 
of  supporting  a  much  greater  weight  than  they  are  obliged  to  bear.  The 
friction  is  therefore  increased,  and  the  performance  of  the  machine  di- 
minished. 

The  bridge-tree,  A  B,  is  generally  from  8  to  10  feet  long,  and  should  always 
be  elastic,  that  it  may  3rield  to  the  oscillatory  motion  of  the  mill-stone.  When 
its  length  is  nine  feet,  and  the  weight  of  the  equipage  5182  pounds,  it 
should  be  six  inches  square  ;  and  when  the  length  remains  unchanged,  and 
the  equipage  varies,  the  thickness  of  the  bridge-tree  should  be  propor- 
tional to  the  square  root  of  the  equipag^. 

Although  the  mechanism  of  a  flour  mill  is  exceedingly 
simple,  the  profitable  manufacture  of  flour  requires  consider- 
able experience  .and  attention.  We  shall  therefore  give  a 
sketch  of  the  points  most  particularly  to  be  attended  to  in 
such  manufacture. 

The  wheats  that  grow  in  Essex  and  Kent  make  tiie  best 
flour.  In  choosing  the  wheat  much  attention  should  be  paid 
to  the  thinness  of  the  skin  and  to  its  cleanliness  from  weed. 
Good  wheat  may  be  known  by  its  weight,  which  should  be 
about  62  pounds  per  Winchester  bushel  of  32  quarts.  The 
wheat  to  be  manufactured  into  the  best  flour  should  be  win- 
nowed. 

The  miller  judges  of  the  quality  of  the  flour  by  feeling  it, 
and  accordingly  as  it  is  too  fine  or  too  coarse  regulates  the 
upper  mill-stone,  or  increases  or  decreases  the  supply  of  grain. 
The  flour  in  grinding  always  acquires  a  slight  warmth,  and 
care  must  be  taken  that  the  warmth  does  not  increase,  or  the 
flour  will  be  permanently  injured. 

The  dressing  of  the  flour  is  of  great  importance,  and  too 
much  attention  cannot  be  paid  to  it«  The  bran  should  be  in 
large  flakes  and  free  of  flour.  In  grinding  the  best  wheats, 
in  the  best  manner,  the  bran  will  amount  ta  about  seven 
pounds  per  bushel. 

In  the  process  of  dressing,  the  bran  is  examined  as  a  crite- 
rion to  know  whether  too  much  flour  be  admitted  upon  the 
machine.  Care  should  be  taken  to  have  the  brush  screwed 
close  to  the  end  of  this  machine. 

French  stones  of  about  four  feet  in  diameter  are  expected 
to  grind  about  five  bushels  per  hour. 

Mr  Thomas  Fenwick,  the  author  of  Four  Essays  on  Prac- 
tical Mechanics,  has  made  numerous  experiments  on  some  of 
the  best  mills  for  grinding  corn,  in  order  to  form,  by  practical 
observation,  a  set  of  tables  illustrative  of  the  eflect  of  a  given 


Digitized  by 


Google 


Frem  136  to  100 


ri.  1  / 


IMi.pJiS. 


3 


H 


J3lpJ58. 


15a.pJ59. 


lB0.pj:>9. 


Li*9pJ59, 


ir1\"^ 


Digitized  by  VjOOQIC 


Digitized  by  VjOOQIC 


AND  MACHINIST.  149 

quaDtity  of  water,  ia  a  given  time)  applied  to  an  overshot* 
wheel  of  a  given  size. 

The  quantity  of  water  expended  on  the  wheel  was  measured 
with  great  exactness :  the  com  used  was  in  a  medium  state 
of  dryness  ;  the  mills,  in  all  their  parts,  were  in  a  medium 
working  state ;  the  mill-stones,  making  from  90  to  100  revo- 
lutions per  minute,  were  from  4^  to  5  feet  in  diameter. 

The  result  of  the  experimtents  was,  that  the  power  requisite 
to  raise  a  weight  of  300  pounds  avoirdupois,  with  a  velocity 
of  190  feet  per  minute,  would  grind  one  boll  of  good  rye  in 
one  hour ;  but  for  the  sake  of  making  the  following  tables 
hold  in  practice,  where  imperfection  of  construction  exists 
in  some  small  degree,  he  took  it  at  300  pounds  raised  with 
a  velocity  of  210  feet  per  minute,  (being  -^V^h  more,)  and 
for  grinding  two,  three,  four,  or  five  bolls  per  hour  requires 
a  power  equal  to  that  which  could  raise  300  pounds  with  the 
velocity  of  360,  506, 677,  or  865  feet  per  minute  respectively. 
The  difference  of  the  power  requisite  to  grind  equal  quanti- 
ties of  wheat  to  that  for  rye  will  be  very  trifling. 

To  enable  the  young  mechanist  to  understand  the  applica- 
tion of.  his  principles,  be  adds,  as  an  illustration,  that  that 
Dumber  of  horses,  or  other  applied  power,  which,  by  means 
of  a  rope,  (considered  as  withont  weight,)  passing  over  a 
single  pulley  placed  over  the  mouth  of  a  pit  or  well,  can 
raise  out  of  it  a  load  of  300  pounds  avoirdupois,  at  the  rate 
of  210  feet  per  minute,  will  be  suflicient  to  grind  one  boll  of 
corn  per  hour;  and  that  a  power  which,  in  similar  circum- 
stances, can  raise  the  same  weight  of  300  pounds  with  a  ve- 
locity of  350  feet  per  minute,  will  be  able  to  grind  two  bolls 
of  corn  per  hour,  and  so  on. 

Having  made  some  experiments  to  ascertain  the  friction 
of  a  mill,  when  going  with  a  velocity  suflicient  to  grind  two 
bolls  of  corn  per  hour,  he  relates  the  manner  in  which  he 
made  them,  that  the  reader  may  be  able  to  judge  of  the  ac- 
curacy of  his  deductions. 

The  mill  was  made  quite  clear  of  corn,  and  the  upper 
mill-stone  raised  so  that  it  would  touch  as  little  as  possible 
on  the  under  stone  in  its  revolutions ;  then  such  a  quantity 
of  water  was  admitted  to  flow  on  the  water-wheel,  as  to  give 
the  mill,  when  empty,  the  same  velocity  it  had  when  grind- 
ing corn  at  the  rate  of  two  bolls  per  hour,  which  quantity  of 
water  was  suflicient  to  raise  a  load  of  300  pounds  with  a 
velocity  of  100  feet  per  minute,  which  was  therefore  consi- 
dered by  him  as  the  measure  of  the  friction.  Now  as  the 
power  requisite  to  grind  two  bolls  of  corn  per  hour,  including 
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the  friction  of  the  mill,  is  equal  to  that  which  can  raise 
a  weight  of  300  pounds  with  a  velocity  of  350  feet  per 
minute,  and  the  friction  of  the  moving  parts  of  the  mill  is 
equal  to  a  power  which  would  raise  300  pounds  with  a  ve- 
locity of  100  feet  per  minute ;  therefore  the  difference  of 
the  two,  which  is  300  pounds  raised  with  the  velocity  of 
250  feet  per  minute,  is  equal  to  the  power  employed  in  the 
actual  grinding  of  the  corn,  which  is  about  two-thirds  of  the 
whole. 

The  power  equal  to  raise  a  weight  of  300  pounds  avoir- 
dupois, with  a  velocity  of  390  feet  per  minute,  will  prepare 
properly  one  ton  of  old  rope  per  week,  for  the  purpose  of 
making  paper :  and,  for  preparing  in  like  manner,  two  tons  of 
the  same  kind  of  materials  per  week,  requires  a  power  equal 
to  raise  300  pounds  with  a  velocity  of  525  feet  per  minute, 
the  mill  working  from  10  to  12  hours  per  day. 


Tables,  showing  the  quantity  of  water,  {ale  measure,)  re- 
quisite to  grind  Aiffeteat  quantities  of  com,  from  one  to 
five  boUs,  {Winchester  measure,)  per  hour,  applied  an 
overshot  water-wheels  from  10  to  22  feet  diameter;  also 
the  size  of  the  cylinder  of  the  common  steam-engine  to  do 
the  same  work. 


The  water-wheel,  10  feet 

The  water-wheel,  11  feet 

diameter. 

diameter. 

Belli  ef 

Quantity  of 

Diameter  of 

BoUs  of 
com 

Quantity  of 

Diameter  of 

corn 

water  requi- 

the cylinder  of 

water  requi- 

tbecyUnder of 

ground 
per  hour. 

site,  in  ale 

a  steam  engine 

ground 
per  hour. 

site,  in  ale 

a  steam-engine 

gallons,  per 

to  do  the  same 

gallons,  per 

to  do  the  same 

minute. 

work,  in  inches. 

minute. 

work,  in  inches. 

1 

786 

12.5 

1 

705 

12.5 

u 

1056 

14.6 

u 

945 

14.6 

2 

1341 

16.75 

2 

1188 

16.75 

2i 

1617 

18.5 

2J 

1454 

18.5 

3 

1894 

20.2 

3 

1723 

20.2 

3J 

2220 

21.75 

Si 

2014 

21.75 

4 

2541 

23.25 

4 

2306 

23,25 

4J 

2891 

24.75 

4J 

2626 

24.75 

5 

3242 

26.25 

5 

2944 

26.25 
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The  water  wheel,  12  feet 
diameter. 

The  water-wheel,  14  feet 
diameter. 

Bolls  of 

coro 

groood 

per  hour. 

QotDtity  of 
witer  requi- 
mte.  Id  ale 
gallons,  per 
miDUte. 

Diameter  of  the 
cylinder  of  a 

steam-engine  to 
do  the  same 

work,  in  inches. 

Bolls  of 

com 
ground 
per  hour. 

Quantity  of 
water  requi- 
site, in  ale 
gallons,  per 
minute. 

Diameter  of  the 
cylinder  of  a 

steam-engine  to 
do  the  same 

work,  in  inches. 

1 

li 

2 

2i 

3 

3J 

4 

4J 

5 

655 
873 
1091 
1343 
1576 
1840 
2117 
2408 
2700 

12.5 

14.6 

16.75 

18.5 

20.2 

21.75 

23.25 

24.75 

26.25 

1 

u 

2 

2i 

3 

3J 

4 

4J 

5 

564 
740 
927 
1140 
1353 
1583 
1811 
2060 
2306 

12.5 

14.6 

16.75 

18.5 

20.2 

21.75 

23.25 

24.75 

26.25 

The  water-wheel,  13  feet 
diameter. 

The  water-wheel,  15  feet 
diameter. 

BoUi, 
per  boor. 

Water, 

galloDsper 

minvte. 

Cylinder,  in 
hiches. 

Bolls, 
per  hour. 

Water, 

gallons  per 

minute. 

Cylinder,  in 
inches. 

1 

n 

2 

3 

Si 

4 

41 

5 

606 
806 
1009 
1234 
1458 
1705 
1952 
2223 
2494 

12.5 

14.6 

16.75 

13.5 

20.2 

21.75 

23.25 

24.75 

26.25 

1 

2 

2i 

3 

3J 

4 

4J 

5 

535 
.710 
894 
1090 
1290 
1503 
1717 
1967 
2211 

12.5 

14.6 

16.75 

18.5 

20.2 

21.75 

23.25 

24.75 

26.25 
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The  water-wheel,  16  feet 
diameter. 

The  water-wheel,  18  feet 
diameter. 

Bolls  of 

COfD 

Quantity  of 
water  re4]ui- 
site,  in  ale 
gallons,  per 
minote. 

Diameter  of  the 
cylinder  of  a 

steam-engine  to 
do  the  same 

woik,  in  Inches. 

Bolls  of 

com 

ground 

per  hour. 

Quantity  of 
water  requi* 
sUe.  in  ale 
gallons,  per 
minute. 

Diameter  of  the 
cylinder  of  a 

steam-engioe  to 
do  the  same 

worl[,  in  inches. 

^roawi 
per  hour. 

1 
li 

3 

3* 

4 

4* 

5 

491 

650 

811 

993 

1176 

1380 

1582 

1802 

2023 

12.5 

14.6 

16.75 

18.5 

20.2 

21.75 

23.25 

24.75 

26.25 

1 

H 

2 

2J 

3 

34 

4 

44 

5    . 

410 

595 

730 

860 

1054 

1227 

1400 

1600 

1800 

12.5 

14.6 

16.75 

18.5 

20.2 

21.75 

23.25 

24.75 

26.25 

The  water-wheel^  17  feet 
dxameter. 

The  water-wheel,  19  feet 
diameter. 

Bolls, 
per  hour. 

Water, 

gaMons  per 

minute. 

Cyliiider,in 
inches. 

Bolls, 
per  hour. 

Water, 

gallons  per 

minute. 

CyUnder,  in 
inclMs. 

1 

H 

2 

2J 

3 

3J 

4 

4i 

5 

458 

628 

770 

943 

1117 

1300 

1482 

1695 

1906 

12.5 

14.6 

16.75 

18.5 

20.2 

21.75 

23.25 

24.75 

26.25 

1 

14 

2 

24 

3 

34 

4 

44 

5 

411 

550 

690 

845 

1000 

1165 

1330 

1517 

1707 

12.5 

14.6 

16.75 

18.5 

20,2 

21.75 

23,25 

24.75 

26.25 
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The  water  wheel,  20  feet 
diameter. 

» 

The  water-wheel,  22  feet 
diameter. 

Bolls  of 

com 

grouod 

per  hour. 

Quantity  of 
water  requi- 
site, ID  ale 
gallons,  per 
minute. 

Diameter  of  the 
cylinder  of  a 

steam-engine  to 
do  the  same 

woric,  in  inches. 

Bolls  of 

com 
ground 
per  hour. 

Quantity  of 
Water  requi- 
site, in  ale 
gallons,  per 
minute. 

Diameter  of  the 
cylinder  of  a 

steam-engine  to 
do  the  same 

work,  in  inches. 

1 

li 

2 

2i 

3 

Si 

4 

4J 

5 

392 

530 

675 

808 

945 

1110 

1270 

1445 

1623 

12.5 

14.6 

16.75 

18.5 

20.2 

21.75 

23.25 

24.75 

26.25 

1 

IJ 

2 

2J 

3 

31 

4 

4J 

5 

350 

*    473 

594 

722 

860 

1007 

1153 

1313 

1472 

12.5 

14.6 

16.75 

18.5 

20.2 

21.75 

23.25 

24.75 

26.25 

The  water-wheel,  21  feet 
dMrmeter. 

The  water-wheel,  23  feet 
diameter. 

Bolls, 
per  boar. 

Water, 

gallons  per 

miufite. 

Cylinder,  in 
inches. 

Bolls, 
per  hour. 

Water, 

gallons  per 

minute. 

Cylinder,  in 
inches. 

1 

li 

2 

2i 

3 

Si 

4 

4i 

5 

370 

500 

635 

767 

900 

1060 

1212 

1379 

1547 

12.5 

14.6 

16.75 

18.5 

20.2 

21.75 

23.25 

24.75 

26.25 

1 

2 

2i 

3 

3J 

4 

4J 

5 

338 

454 

570 

707 

824 

964 

1124 

1258 

1412 

12.5 

14.6 

16.75 

18.5 

20f2 

21.75 

23.25 

24.75 

26.25 
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The  water-wheel,  24  feet 
diameter. 

The  water-wheel,  26  feet 
diameter. 

Bolls  of 

eora 

ground 

per  hour. 

Quantity  of 
water  requi- 
site, in  ale 
gallons,  per 
minute. 

DUmeterofthe 
cylinder  of  a 

do  the  same 
work.  In  inches. 

Bolls  of 

eora 

ground 

per  hour. 

Quanllty  of 
water  requi- 
site, in  ale 
gallons,  per 
minute. 

Diameter  of  the 
cylinder  of  a 

steam-engine  to 
do  the  same 

work,  in  inches. 

1 

li 

2 

2i 

3 

3i 

4 

4i 

5 

327 

436 

545 

671 

788 

920 

1050 

1204 

1350 

12.5 

14.6 

16.75 

18.5 

20.2 

21.75 

23.25 

24.75 

26.25 

1 

u 

2 

2J 

3 

3i 

4 

4i 

5 

303 
403 
504 
617 
730 
852 
975 
1111 
1247 

12.5 

14.6 

16.75 

18.5 

20.2 

21.75 

23.25 

24.75 

26.25 

The  water-wheel,  25  feet 
diameter. 

The  water-wheel,  27  feet 
diameter 

Bolls, 
per  hour. 

Water, 

gallons  per 

minute. 

Cylinder,  in 
inches. 

Bolls, 
per  hour. 

Water, 

gallons  per 

minute. 

CyUnder,  ia 
inchee. 

1 

IJ 

2 

2i 

3     . 

3J 

4 

4i 

5 

316 
418 
520 
635 
752 
876 
985 
1150 
1300 

12.5 

14.6 

16.75 

18.5 

20.2 

21.75 

23.25 

24.75 

26.25 

1 

u 

2 

2J 

3 

3i 

4 

4J 

5 

293 
385 
482 
593 
703 
822 
940 
1070 
1200 

12.5 

14.6 

16.75 

18.5 

20.2 

21.75 

23.25 

24.75 

26.25 
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The  water-wheel,  28  feet 
diameter. 

The  water-wheel,  30  feet 
diameter. 

BoHsof 

corn 

ground 

per  boor. 

Quantity  of 
water  requi* 
rite,  in  alo 
gallons,  per 
minute. 

Diameter  of 

the  eylinder  of 

a  steam  engine 

to  do   the  same 

work,  in  inches. 

BoUsof 

eom 

ground 

per  hour. 

Quantity  of 
water  requi- 
site, in  ale 
gallons,  per 
minute. 

Diameter  of 

the  cylinder  of 

a  steam-engine 

to  do  the  same 

work,  in  inches. 

1 

n 

2 

2i 

3 

3i 

4 

41 

5 

282 
370 
463 
570 
676 
791 
905 
1030 
1153 

12.5 

14.6 

16.75 

18.5 

20.2 

21.75 

23.25 

24.75 

26.25 

1 

li 

2 

2i 

3 

3i 

4 

4i 

5 

267 
355 
447 
545 
645 
750 
858 
983 
1106 

12.5 

14.6 

16.75 

18.5 

20.2 

21.75 

23.25 

24.75 

26.25 

The  water-wheel,  29  feet 
diameter. 

The  water-wheel,  31  feet 
diameter. 

BoUf, 
per  hoar. 

Water, 

gallons  per 

minote. 

CyHoder,  in 
inchee. 

Boll*, 
per  hour. 

Water, 

gallons  per 

minute* 

Cylinder,  in 
inches. 

1 

li 

2 

2J 

3 

H 

4 

4i 

5 

274 
363 
455 
557 
660 
770 
880 
1005 
1130 

12.5 

14.6 

16.75 

18.5 

20.2 

21.75 

23.25 

24.75 

26.25 

1 

li 
2 

H 

3 

3i 

4 

4i 

256 
840 
426 
520 
620 
717 
827 
940 
1058 

12.5 

14.6 

16.75 

18.5 

20.2 

21.75 

23.25 

24.75 

26.25 
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The  water-wheel,  32  feet      | 

diameter. 

Bolls  of 

Quantity  of 

Diameter  of 

water  requi- 
site, in  ale 

the  cylinder  of 

com 
ground 
per  hour. 

a  steam  engine 

gallons,  per 

to  do  the  same 

minute. 

work,  in  inches. 

1 

245 

12.5 

li 

325 

14.6 

2 

406 

16.75 

2i 

496 

18.5 

3 

588 

20.2 

3J 

690 

21.75 

4 

791 

23.25 

4J 

900 

24.75 

5 

1012 

26.25 

To  make  the  foregoing  tables  applicable  to  mills  intended 
to  be  turned  by  undershot  or  breast  water-wheels :  from 
Smeaton's  experiments  it  appears  that  the  power  required 
on  an  undershot  water-wheel,  to  produce  an  effect  equal  to 
that  of  an  overshot,  (to  which  the  tables  are  applicable,)  is  as 
2.4  to  one  ;  and  also  the  power  required  on  a  breast  water- 
wheel,  which  receives  the  water  on  some  point  of  its  circum- 
ference, and  afterwards  descends  on  the  ladle  boards,  to 
produce  an  equal  effect  with  an  overshot  water-wheel,  is  as 
1.75  to  1. 
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A  TabUy  showing  thenecessary  size  of  the  cylinder  of  the  com- 
mon steam-engine  to  grind  d^erent  quantities  of  com,  from 
\  to\2  boUs,  (4  to  48  bushds  Winchester  measure^)  per 
hour. 


BoUsof 

corD 

ground 

per 

hour. 

Diameter  of 
the  cylinder  of 
a  steam-engine 
to  do  the  same 
work,  in  inches. 

1 

12.5 

n 

14.6 

2 

16.75 

2i 

18.5 

3 

20.2 

3i 

21.75 

4 

23.25 

4i 

24.75 

5 

26.25 

5i 

21.25 

6 

28.1 

6i 

29. 

7 

29.8 

7i 

31.1 

8 

32. 

8i 

33.3 

9 

34.2 

H 

35.2 

10 

36. 

lOi 

37.3 

11 

38. 

Hi 

38.85 

12  ^ 

39.5 

N.B.  This  table  will  be  applicable  to  any  improved  steam- 
engine,  as  well  as  that  of  the  common  kind,  if  the  ratio  of 
their  efficacies  be  known. 

APPLICATION  OF  THE  TABLES. 

ExiMPU  I.— jjfa  9tream  of  water  ^  producing  BOSgaUtms,  ale  meatun,  per 
minute,  can  be  appUed  to  an  overshot  water-wheel  ^jeet  diameter,  what  quaU' 
iHy  of  com  will  it  be  able  to  grind  per  hour? 
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Look  in  the  tables  under  a  20  feet  water-wheel,  and  oppodte  808  gallons 
will  be  found  2i  bolls  of  com  ground  per  hour. 

ExAHPLs  II, — If  a  stream  ofumter  prodtudng  808  galloru,  ale  mtamartf  per 
minute^  can  be  appUed  to  an  undershot  vxiter-wheeT  ^  feet  diameter^  tmai 
quantity  of  com  can  it  grind  per  hour  ? 

It  is  found  by  the  tames,  that,  if  appUed  on  an  overshot  water-wheel  20 
feet  diameter,  the  stream  will  g^nd  2i  bolls  per  hour;  and  from  page  156, 
the  power  required  by  the  undershot  to  that  of  the  overshot  water-wheel,  to 
produce  an  equal  effect,  is  as  2.4  to  1;  therefore,  as  2.4  : 1  :  2.5  : 1.04  bolls 
of  com  ground  per  hour  by  means  of  the  stream. 

ExAXPLi  III.— if  a  stream  of  watery  producing  808  gallons,  ale  measure, 
per  minute,  can  he  applied  on  a  breast  water-wheel  20  feet  diameter,  what  quan- 
tity of  com  can  it  grind  per  hour  f 

It  is  found  by  the  tables,  that,  if  applied  to  an  overshot  water-wheel  of 
equal  size,  2)  boUs  of  com  will  be  ground  per  hour;  andfrom  page  156,  the 
power  of  a  breast  water-wheel  to  that  of  an  overshot  water-wheel,  to' pro- 
duce an  equal  effect,  is  as  1.75  to  1;  therefore,  as  1.75  :  1  :  :  2.5  :  1.42  bolls 
of  com  ground  per  hour  by  the  stream. 

Example  IV . — Of  what  diameter  must  the  cylinder  of  a  common  steam-engine 
be  made,  to  grind  10  bolls  of  com  per  hour  ? 

By  looking  on  the  table,  page  157,  opposite  10  bolls  ground  per  hour, 
the  diameter  of  the  steam  cylinder  will  be  found  to  be  36  inches. 

FAMILY  MILL  AMD  BOLTER. 

As  a  family  mill  and  bolter  cannot  but  be  highly  useful  in 
many  situations,  we  shall  give  a  description  of  one  or  two, 
beginning  with  that  invented  by  Mr  T.  Kustall,of  Purbrook- 
beath,  near  Portsmouth,  who  received  a  premium  of  forty 
guineas  from  the  Society  of  Arts  for  his  invention. 

In  fig.  157,  A  is  the  handle  of  the  mill;  B  one  of  the  miB-stones, 
which  is  about  30  inches  in  diameter,  and  five  inches  in  thickness,  moving 
with  its  axis  C;  D  is  the  other  miU-stone,  which,  when  in  use,  is  stationary; 
but  which  may  be  placed  near  to  or  at  a  distance  from  the  movable  stone 
B,  by  means  of  three  screws  passing  through  the  wooden  block  £,  that 
supports  one  end  of  the  axis  C,  after  it  has  been  put  through  a  hole  or 
perforation  in  the  bed-stone.  The  grain  likewise  passes  through  this 
perforation,  from  the  hopper  F,  into  the  mill,  F  represents  the  hopper, 
which  is  agitated  by  two  iron  pins  on  the  axis  C,  that  alternately  raise  the 
vessel  containing  the  grain,  which  again  sinks  by  its  own  weight.  In 
consequence  of  this  motion  the  com  is  conveyed  through  a  spout  that 
passes  from  such  hopper  into  the  centre  of  the  mill  behind,  and  through 
the  bed-stone  D.  G,  a  paddl^  regulating  the  quantity  of  com  to  be 
delivered  to  the  mill,  and  by  raising  or  lowering  which,  a  larger  or  smaller 
proportion  of  g^n  maybe  furnished;  H,  the  receptacle  for  the  flour,  into 
which  it  falls  from  the  miUstones,  when  ground;  I  represents  one  of  the 
wooden  supporters  on  which  the  bed-stone,  D,  rests.  These  are  screwed 
to  the  block  E,  and  likewise  mortised  into  the  lower  frame-work  of  the 
mill  at  K,  which  is  connected  by  means  of  the  pins  or  wedges,  L,  L»  L, 
tiiat  »dmit  the  whole  mill  to  be  eaaly  taken  to  pieces;  If,  a  fly-wheel, 
placed  at  the  farthest  extremity  of  the  axis  C,  and  on  which  another  handle 
may  be  occasionally  fixed;  N,  a  small  rail,  serving  to  keep  the  hopper  in 
its  t>lace,  the  furthest  part  of  such  hopper  resting  on  a  small  pin,  which 
admits  of  sufficient  motion  for  that  vessel  to  shake  forwud  the  corn;  O, 
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ft  8ptir*nu]y  fyr  strengthening  the  frame-wotk  of  the  null;  V,  the  fhmt 
upri^t,  that  is  mortised  into  the  frame-work,  and  serves  as  a  rest  for  the 
end  of  the  iron  axis  C,  which  is  next  to  the  handle.  On  each  extremity 
of  sach  axis  there  is  a  shoulder,  which  keeps  it  steady  in  its  place.  Lastly, 
there  ts  a  cloth  hood  fixed  to  a  broad  wooden  hoop,  which  is  placed  orer 
the  stones  while  working,  to  prevent  the  finer  particles  of  flour  fi^m 
escaping. 

Fig.  158  represents  the  bolter,  with  its  front  removed,  in  order  to  display 
its  interior  structure;  the  maclune  being  3  feet  10  inches  in  length,  and 
19i  inches  in  breadth,  and  18  inches  in  depth.  A  is  a  movable  partition, 
sliding  about  four  feet  backwards  or  forwards  ftom  the  centre  of  the  bax» 
upon  two  wooden  ribs,  which  are  fixed  on  the  back  and  front  of  the  box, 
and  one  of  which  is  delineated  at  the  letter  B;  C,  the  lid  of  the  bolter, 
represented  open;  D,  a  slider,  which  is  movable  in  a  groove  made  in  the 
lid,  by  means  of  two  handles  m  the  back  of  such  lid;  £,  a  forked  iron^ 
fixed  in  the  slider  D,  and  which,  when  the  lid  is  shut,  takes  hold  of  the 
sieve  F,  and  moves  it  backwards  and  forwards  on  the  wooden  ribs  B,  ac- 
cording to  the  agitation  of  the  slider;  G  represents  a  fixed  partition  in  the 
lower  centre  of  the  box,  which  it  divides  into  two  parts,  in  order  to  sepa* 
rate  the  fine  &om  the  coarse  flour;  from  this  partition  the  slider  A  moves 
each  way  about  four  inches,  and  thus  affords  room  for  working  the  sieve; 
H  a  board  that  is  parallel  to  the  bottom  of  the  bolter,  and  forms  part  of  the 
•Bder  A;  this  board  serves  to  prevent  any  of  the  sifted  matter  from  falling 
into  the  other  partition;  1  represents  two  of  the  back  feet  which  support 
the  bolter. 

Fig.  159  is  a  view  of  the  top  or  upper  part  of  the  Kd  of  the  bolter;  R 
the  slider  that  moves  the  lengthwise  of  the  bolter;  L  L  the  handles  by 
which  the  slider  is  worked;  M,  a  screw,  sernng  to  hold  the  fork,  which 
imparts  motion  to  the  ineve. 

Fig.  160  represents  the  forked  iron,  £,  separately  from  the  lid. 

Both  the  mill  and  bolter  may  be  constructed  at  a  moderate 
expense,  and  they  occupy  only  a  small  space  of  ground.  The 
former  may  even  be  worked  in  a  public  kitchen,  or  within  a 
room  in  a  farm-house,  without  occasioning  any  great  encum-^ 
brance. 

The  particular  excellence  of  this  mill  consists  in  thist  Cfr^ 
camstance,  that,  from  the  vertical  position  of  its  stones,  it 
may  be  put  in  action  without  the  intervention  of  cogs  or 
wheels.  It  may  be  employed  in  the  grinding  of  malt,  the 
bruising  of  oats  for  horses,  and  for  making  flour,  or  for  all 
these  purposes :  it  likewise  may  be  easily  altered,  so  as  to 
grind  either  of  those  articles  to  a  greater  or  less  degree  of 
fineness. 

Another  advantage  peculiar  to  Mr  Rustall's  contrivance 
is,  that  one  man  is  sufficient  to  work  it ;  though,  if  two 
persons,  namely,  a  man  and  a  boy,  be  employed,  they  will  be 
able  to  produce,  in  the  course  of  two  hours,  a  quantity  of 
flour  sufficient  to  serve  a  family,  consisting  of  six  or  eight 
person,  for  a  whole  week  : — repeated  satisfactory  trials  have 
proved  that  this  mill  grinds  the  corn  completely,  and  at  the 
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rate  of  one  bushel  of  wheat  within  the  hour.  Besides,  the 
industrious  fanner  will  thus  be  enabled  to  make  comparative 
experiments  on  the  quality  of  his  grain,  and  may  furnish 
himself,  at  a  trifling  expense,  with  flour  from  his  own  wheat, 
without  apprehending  any  adulteration,  or  without  being 
exposed  to  the  impositions  or  caprice  of  fraudulent  and  ava- 
ricious millers. 

Lastly,  though  Mr  Rustall's  bolter  be  more  particularly 
calculated  for  sifting  flour,  it  may  also  be  applied  to  various 
other  useful  purposes,  and  especially  with  a  view  to  obviate 
the  inconveniences  necessarily  attendant  on  the  levigation  of 
noxious  substances,  and  to  prevent  the  waste  of  their  finer 
particles. 

In  order  to  reduce  the  labour  in  grinding,  and  to  adjust 
the  p6wer  to  the  acquired  force,  and  also  to  simplify  mill- 
making  and  grinding,  and  to  reduce  the  expense  attendant 
upon  them,  so  as  to  enable  the  farmer  and  housekeeper  to  be 
independent  of  the  miller's  system  of  grinding,  Mr  George 
Smart,  of  the  Ordnance-wharf,  Westminster-bridge,  in  April 
18 14,  obtained  a  patent  for  certain  improvements  in  machinery 
for  grinding  corn,  and  various  other  articles,  by  means  of  which 
every  article  required  to  be  broke  or  ground  is  exposed  to  the 
application  of  rubbers  or  crushers,  resting  on  their  fulcrums, 
and  pressed  against  the  revolving  body  by  means  of  levers, 
weights,  or  springs.  The  rubbers,  or  crushers,  each  acting 
on  a  separate  axle,  will  admit  of  any  irregular  surface,  from 
a  square  to  a  circle,  to  revolve  against  them,  as  each  can  be 
loaded  more  or  less,  by  moving  the  weight  on  the  levers  fur- 
ther from,  or  nearer  to,  the  fulcrum ;  or,  if  with  springs,  by 
screwing  them  more  or  less  down.  The  rubbers  or  crushers 
may  be  plain,  grooved,  circular-sided,  concave,  or  any  other 
figure  best  adapted  for  the  substance  to  be  broke  or  ground. 
The  square  or  octagon  are  best  adapted  for  breaking  cement- 
stones,  bones  for  manure,  chalk,  mixing  clay,  mortar,  &c. 
For  breaking  malt,  beans,  &c.  one  crusher  only  is  wanted ; 
but  for  wheat,  oats,  barley,  rice,  or  any  flour,  or  meal,  the 
more  rubbers  or  crushers  the  finer  the  article  will  be  ground  ; 
and  the  more  flats  there  are  on  the  revolving  body,  the  more 
crushers  can  be  applied  to  advantage. 

HAND-MILLS 

Are  most  commonly  used  in  grinding  cofiee  and  spices; 
but  they  are  sometimes  made  of  a  larger  size,  and  used  to 
grind  wheat,  malt,  &c.;  in  such  cases  the  band  is  generally 
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applied  to  a  wiqch  handle.  In  Bockler's  TTteairum  Machina- 
rum  there  is  a  description  of  a  mill,  in  which  the  effort  of  a 
man  is  applied  to  a  lever  moving  to  and  fro  horizontally, 
nearly  as  in  the  action  of  rowing  :  as  this  is  a  very  advan- 
tageous method  of  applying  human  strength,  the  effort  being 
greatly  assisted  by  the  heaviness  of  the  man  in  leaning  back, 
we  shall  give  a  brief  description  of  it. 

It  is  represented  in  fig.  161 .  The  vertical  shaft  E  6  carries  a  toothed 
wheel  C,  and  a  solid  wheel  F{  the  latter  being  intended  to  operate  as  a  regu- 
lating fly.  Upon  the  crank  A  B  hang^  one  end  of  an  iron  I,  the  other  end 
of  which  hangs  upon  the  lever  H  K,  the  motion  being  pretty  free  at  both 
ends  of  this  bar  I.  One  end  of  the  lever  H  K»  hang^  upon  the  fixed  hook 
K,  about  which,  as  a  centre  of  motion,  it  turns.  Then,  while  a  man,  by 
pulling  at  the  lever  H  K,  moves  the  extremity  H  fh>m  H  to  N,  the  bar  I 
acting  upon  the  crank  ▲  B  g^ves  to  the  wheels  C  and  F  half  a  rotation  { and 
the  momentum  they  have  acquired  will  carry  them  on,  the  man  at  the  lever 
sufTeriogit  to  turn  back  from  N  to  H,  while  the  other  half  of  the  rotation 
of  the  wheels  is  completed.  In  like  manner  another  sufficient  pull  at  the 
lever  H  K  gives  another  rotation  to  the  wheel  C,  and  so  ouj^  at  pleasure. 
The  wheel  C  turns  by  its  teeth  the  trundle  D,  the  spindle  of  which  car- 
ries the  upper  mill-stone,  just  as  the  spindle  D  carries  round  the  upper 
mill-stone^  m  fig.  156.  In  this  mill  the  nearer  the  end  of  the  bar  I  upon 
the  lever  H  K  is  to  the  fixed  hook  K,  the  easier,  catarisparibtu,  will  the 
man  work  the  mill  If  the  number  of  teeth  in  the  wheel  C  be  six  times  the 
nomber  of  cogs  in  the  trundle  D,  then  the  labourer,  by  making  ten  pulls 
at  the  lever  H  in  a  minute,  will  give  sixty  revolutions  to  the  upper  mill- 
stone in  the  same  space  of  time. 

In  the  Tranaaciiona  of  the  Society  of  Arts  may  be  seen 
a  description  of  a  mill,  invented  by  Mr  Garnett  Terry,  of  the 
City-road,  for  grinding  hard  substances,  by  means  of  a  wheel 
taming  upon  a  horizontal  axis  instead  of  a  vertical  one,  as 
io  the  common  construction.    See  fig.  162. 

THE  FOOT-MILL 

It  used  for  grinding  corn  or  any  other  substance,  moved 
by  the  pressure  of  the  feet  of  men  or  oxen.  A  judicious 
construction  of  the  foot-mill  is  given  in  6.  A.  Bockler's  Theor 
irvm  Maehinamm. 

This  mill  is  represented  in  fig.  163.  A  is  an  inclined  wheel,  which  is 
tamed  by  the  weight  of  a  man«  and  the  impulsive  force  of  his  feet  wlule 
he  supports  hiraseUT,  or  occasionally  pushes  with  his  hands  at  the  horizontal 
bar  H.  The  face  of  this  wheel  has  thin  pieces  of  wood  nailed  upon  it  at 
proper  distances,  to  keep  the  feet  of  the  man  from  slipping  while  he  pushes 
the  wheel  round:  and  the  under  side  has  projecting  teetn  or  waves  which 
catch  into  the  cogs  of  the  trundle  B,  and  by  that  means  turn  the  horizontal 
abaft  G  with  the  wheel  C:  this  latter  wheel  turns  the  trundle  D,  the  axle 
of  which  carries  the  upper  mill-stone  E.  This  kind  of  foot-mill  will 
Mswer  extremely  well  to  grind  malt,  fitc.  when  no  veiy  great  power  is 
fequired. 
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KNEADINO-MILL. 

The  busiDess  of  grinding  and  baking  in  in  one  sense  so 
closely  connected,  that  we  shall  in  this  place  present  a  de- 
scription of  the  kneading-mill ;  which  is  meant  to  do  away 
with  that  disgusting  practice  among  bakers  of  kneading  the 
dough  with  their  bare  feet.  It  would  be  well  if  the  iegisia* 
ture  paid  some  attention  to  this,  which  is  still  carried  on  in 
some  parts  of  the  metropolis,  and  particularly  in  the  knead- 
ing of  dough  for  biscuits. 

In  the  public  baking-houses  of  Genoa  a  machine  is  used 
which  produces  a  great  saving  of  time  and  labour.  It  was 
first  described  in  the  AM  della  Societa  Patriotica  di  MilanOf 
vol.  ii. 

A,  in  fig.  164, 18  a  frame  of  wood  which  supports  the  axis  of  the  machine: 
a  wall  14  palms  high  from  the  ground  may  be  made  use  of  instead  of 
this  frame.  B,  a  wall,  3i  palms  thicks  through  which  the  aforesaid  axis 
passes.  C»  another  wall  similar  to  the  former,  and  facing  it  at  the  distance 
of  21  palms*  D,  the  axis,  30  palms  in  length,  and  one  palm  and  one-third 
in  thickness.  E,  the  great  wheel,  fixed  to  the  said  axis  between  the  frame 
and  the  wall;  its  diameter  is  28  psdms;  and  its  breadth,  which  is  capable  of 
holding  two  men  occasionally,  is  five  palms.  F,  are  steps,  by  treading  on 
which  the  men  turn  the  wheel  very  smartly;  they  are  two  palms  distant 
from  each  other,  and  one-third  of  a  palm  in  height.  G,  a  small  wheel  with 
cogs,  fixed  almost  at  the  further  extremity  of  the  axb:  its  diameter  is  12i 
palms.  H,  a  beam  of  wood  which  extends  from  one  wall  to  the  other, 
being  21  palms  in  length,  and  one  and  a  third  in  thickness.  A  similar  beam, 
not  seen  in  the  figure,  is  on  the  opposite  side  of  the  axis.  I,  a  transverse 
piece  of  wood,  placed  near  the  wall  C;  it  is  fixed  into  the  two  beams, 
and  serves  to  support  the  further  extremity  of  the  axis;  its  length  b  14 
palms,  and  its  thickness  one  and  a  third :  there  b  likewise  a  transverse  piece, 
(which  cannot  be  seen  in  the  figure,)  14  palms  long,  and  half  apdm  thick, 
placed  close  to  the  wall  B.  K  isa  strong  curved  piece  of  oak,  fixed  trans- 
verselv  in  the  side  beams  H,  to  receive  the  axis  of  the  trundle:  its  length  b 
14  palms,  and  its  thickness  1^.  L  b  a  trundle  of  5^  palms  in  diameter, 
and  li  in  height,  which  b  moved  by  the  cog-wheel  Q.  M  is  a  trundle  pro- 
ceeding from  the  trundle  L,  and  continued  through  the  cross  N  to  the  bot- 
tom of  the  tub  P;  its  centre  is  made  of  iron,  partly  square  and  partly  round, 
and  it  turns  in  a  socket  of  brass.  The  first  part  of  this  axis  between  the 
trundle  L  and  the  cross  N  is  of  square  iron,  surrounded  bv  two  pieces  of 
wood,  held  together  by  iron  hoops,  which  may  be  removed  at  pleasure  te 
examine  the  iron  within;  its  length  b  three  palms,  its  diameter  about  one 
palm.  The  sebond  part  of  the  axis  which  is  within  the  tube,  is  made  like 
the  first  part;  its  length  b  1^  palm,  its  diameter  one  and  one-sixth.  The 
wooden  sheath  of  this  part  of  the  axis  b  fixed  to  the  bottom  of  the  tub,  by  the 
means  of  three  screws  with  their  nuts.  This  axb  b  distant  one-third  of  a  palm 
from  the  nearest  triangiilar  beater  of  the  cross.  N,  the  cross,  formed  of  two  bara 
of  wood  unequally  divided,  so  that  the  four  arms  of  the  cross  are  of  different 
lengths:  one  of  the  two  pieces  of  wood  of  which  the  cross  is  made  b  six 
palms  in  lengdi,  the  other  five;  their  thickness  is  seven-twelfths  of  a  palm. 
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ami  their  breadth  one  palm.  O,  four  pieces  of  wood,  called  beaten,  of  a 
triangtilar  shape,  fixed  vertically  into  the  extremities  of,  and  underneath, 
the  arms  of  the  fore-mentioned  cross;  they  are  1  j  palm  in  length,  and  half 
a  palm  in  thickness,  and  beat  or  knead  the  dough  in  the  tub  at  unequid 
disUnces  from  the  centre.  P  is  a  stout  wooden  tub,  about  a  quarter  of  a 
palm  thick,  well  hooped  with  iron  ;  its  diameter  is  six  palms,  its  height  1^ 
m  the  clear.  Fig.  165  is  a  box  or  trough  of  wood,  four  palms  long,  and 
three  wide,  in  which  the  leaven  is  formed,  (in  about  an  hour,)  in  a  stove, 
and  in  which  it  is  afterwards  carried  to  the  tub  P.  Fig.  166  exhibits  a  view 
of  the  trundle,  cross,  &c.  with  a  section  of  the  tub.  Fig.  167  is  a  bird's^ye 
view  of  the  cross  and  tub,  with  the  upper  ends  of  triangular  beaters.  This 
tub  P  will  contain  about  18  rubbi  (about  19  bushels)  of  flour,  which  is 
carried  to  it  in  barrels:  the  leaven  is  then  carried  to  it  in  the  box  or  trough, 
and  when  the  whole  is  tempered  with  a  proper  quantity  of  warm  water, 
the  men  work  in  the  wheel  till  the  dough  is  properly  and  completely 
kneaded.  In  general  a  quarter  of  an  hour  is  sufficient  to  make  veiy  good 
dough;  but  an  experienced  baker,  who  superintends,  determines  that  the 
operation  shall  be  continued  a  few  minutes  more  or  less,  according  to 
circumstances. 

The  measures  in  the  preceding  description  are  siven  in 
Genoese  palms,  each  of  which  is  very  nearly  equal  to  Q.S.') 
of  our  inches.  The  machinery  may  be  varied  in  its  construc- 
tion according  to  circumstances,  and  the  energy  of  the  first 
mover  much  better  applied  than  by  men  walking  in  a  com- 
mon wheel. 

In  November  1811,  a  patent  was  granted  to  Mr  Joseph 
Baker,  navy  contractor,  for  a  method  of  kneading  dough  by 
means  of  machinery.  The  invention  consists  in  having  an 
upright  shaft,  turning  on  a  pivot,  fixed  in  the  centre  of  a 
circular  trough,  so  that  the  dough  placed  in  such  trough  may 
be  kneaded  by  a  stone  or  iron  roller,  on  its  edge,  passing 
over  it  in  a  rotatory  motion,  being  fixed  at  a  due  distance  by 
an  horizontal  bar  or  axle  to  the  shaft,  which  is  to  be  turned 
by  means  of  one  or  more  other  horizontal  bars  likewise  fixed 
thereto,  and  worked  like  a  capstan  by  a  proportionate  number 
of  bipeds  or  quadrupeds,  such  horizontal  bars  having  small 
shares  fixed  to  them,  so  as  to  run  in  the  trough,  and,  acting 
like  a  plough,  cause  the  dough  to  present  fresh  surfaces  for 
each  successive  revolution. 

Independent  of  the  methods  above  quoted,  many  others 
might  easily  be  adapted,  to  do  away  with  the  filthy  practice 
to  which  we  have  alluded. 
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THE  STEAM-ENGINE. 

The  most  prominent  feature  in  modern  discovery  is  the 
steam-engine^  which  has,  with  much  propriety,  been  deno- 
minated ''  the  noblest  monument  of  human  ingenuity.''  The 
Marquis  of  Worcester,  who  lived  in  the  reign  of  Charles  II. 
is  entitled  to  the  honour  of  having  first  directed  the  attention 
of  mankind  to  the  expansive  force  of  steam  when  used  in  a 
close  vessel :  but  in  the  book  published  by  him  in  1663,  he  is 
not  sufficiently  explicit  or  intelligible  for  us  to  determine 
what  kind  of  apparatus,  or  combination  of  machinery,  was 
used  by  him  for  the  guidance  of  its  powers.  It  is  however 
but  reasonable  to  suppose,  notwithstanding  the  vagueness  of 
his  expressions,  that  it  was  principally  owing  to  the  direction 
his  observations  gave  to  the  minds  of  others  that  steam  began 
to  be  used  as  the  first  mover  of  machinery. 

When  water  is  exposed  to  the  action  of  heat,  it  expands 
and  assumes  the  gaseous  state  called  steam.  When  it  is  con- 
fined in  a  close  vessel,  and  heat  is  applied  to  it,  the  quality 
of  expansion  is  exerted  tea  powerful  extent;  and  as  the  space 
between  the  top  of  the  water  and  the  top  of  the  vessel  is  filled 
with  atmospheric  air,  the  first  portion  of  the  power,  exerted 
by  the  expansion  of  the  steam,  is  directed  towards  the  dis- 
placing of  that  atmosphere  from  the  situation  which  its  weight 
had  assigned  it,  and,  consequently,  such  portion  of  the  direct 
action  of  the  expansive  force  of  steam  is  to  be  deducted- from 
its  disposable  power.  This  portion  of  power  is,  however, 
ultimately  available.  For  as  by  a  reduction  of  temperature 
steam  reassumes  the  state  of  water,  leaving  the  space  which 
it  had  occupied  again  void,  the  atmosphere  which  it  had  dis- 
placed returns  to  its  former  situation,  exerting  a  force,  so  to 
do,  exactly  tantamount  to  that  which  the  steam  had  exerted 
to  displace  it.  This  force  may  be  termed  the  consequent 
power  of  steam.  The  directing  and  controlling  of  these 
powers,  so  that  they  may  be  applied  to  the  purpose  of  creating 
equable  motion,  is  the  object  attained  almost  to  perfection  in 
the  steam-engine :  and  it  is  the  more  accurate  control,  the 
more  advantageous  application,  and  the  more  economic  pro- 
duction of  these  powers,  that  have  been  aimed  at  in  its  various 
modifications. 

For  more  perfectly  illustrating  the  mode  in  which  steam  operates,  we  will 
suppose  the  vessel,  represented  at  fig-.  168,  to  be  filled  with  water  up  to 
the  line  A,  and  the  space  £  occupied  with  air,  and  haying  a  plug  or  piston 
fitting  it  at  C,  and  an  aperture  at  D;  now  if  the  aperture  D  be  closed,  and 
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heat  applied  to  the  water,  aa  at  F,  steam  will  be  generated,  and  by  its 
expansive  force  will  raise  Uie  piston  C  upwards;  then  if  the  heat  be  with- 
drawn and  the  vessel  suddenly  cooled,  condensation  will  take  place;  the 
steam,  reassuminr  the  form  of  water,  will  a|^n  occupy  the  space  below 
the  line  A,  and  the  piston  C  will  return  to  its  place.  In  this  experiment 
the  expansive  force  of  the  steam  compressed  the  air  in  the  space  £,  and 
forced  the  plug  C  upwards,  we  will  suppose,  to  H;  but  C,  in  travelling  to 
H,  displaced  so  much  of  the  atmosphere  as  occupied  the  tube  from  C  to 
H;  consequently,  the  portion  so  displaced  will  seek  to  resume  its  natural 
portion,  and  when  the  force  of  the  steam  is  withdrawn  by  condensation, 
the  weight  of  that  portion  of  the  atmosphere  will  again  return  the  plug  C 
to  its  place;  by  which,  it  is  obvious,  that  the  raising  of  the  plug  was  the 
direct  action  of  the  steam,  and  the  returning  its  consequent  action,  or  the 
action  of  the  atmosphere  in  consequence  of  its  having  been  displaced  by 
the  force  of  the  steam* 

Again,  if  we  suppose  the  plug  to  be  in  its  first  situation,  as  at  C,  and  we 
open  the  aperture  at  D,  and  apply  heat,  the  steam  will  rise  into  the  space 
£,  and  expel  the  air  through  the  aperture  D,  which  being  closed,  and  con- 
densation caused,  the  space  £  will  be  left  a  vacuum,  and  the  atmosphere 
seeking  to  occupy  that  space  will  force  the  plug  C  down  to  the  line  A} 
here  the  movement  of  the  plu^  C  was  solely  caused  by  the  atmosphere 
exerting  itself  to  regain  the  position  whence  it  had  been  expelled  by  the 
force  of  the  steam  through  D,  and  this  effect  is  performed  by  the  conse- 
quent power  of  steam  alone. 

It  \uU  been  found  by  experiments,  that  the  pressure  of  the  atmosphere 
is  equal  to  about  14  pounds  weight  upon  every  square  inch,  so  that  sup- 
posing the  superficies  of  the  aperture  of  the  vessel,  fi^ .  168,  to  contain  one 
square  inch,  the  power  exerted  by  the  steam  in  raising  C  to  H  will  be 
tantamount  to  raising  14  pounds  weight  that  height,  together  with  the 
power  necessary  to  overcome  the  friction  and  weight  of  the  piston  C,  in 
the  cylinder;  and,  that  tiie  power  exerted  by  the  steam  in  expelling  the 
atmosphere  from  the  space  £,  and  obtaining  its  consequent  pressure  to  the 
rainng  of  14  pounds  from  A  to  C;  and  that  the  disposable  power,  obtained 
by  the  return  of  the  piston  from  H,  will,  in  the  first  instance,  be  equal  to 
the  raising  of  14  pounds  weight  from  C  to  H,  less  the  amount  of  the  friction 
of  the  piston  C;  and,  in  the  second,  will  be  equal  to  the  raising  of  14 
pounds  weight  from  C  to  A,  less  the  amount  of  Uie  friction  as  before.  In 
both  these  instances  the  expannve  or  direct  force  of  the  steam  has  onlv 
been  considered  as  equal  to  the  displacing  of  the  atmosphere,  or  what  will 
he  equal  to  14  pounds  pressure  on  each  superficial  inch;  but  if  the  piston 
C  be  loaded  with  any  weight,  the  steam  will,  if  urg^d  with  sufficient  heat, 
raise  it,  always  premising  that  the  vessel  is  strong  enough  to  resist  the  in- 
creased pressure.  Suppose  C  to  be  loaded  with  10  pounds  of  weight,  the 
steam  must  be  urged  until  its  pressure  is  equal  to  24  pounds,  10  pounds 
more,  14  pounds  the  pressure  of  the  atmosphere  on  each  square  inch,  and 
the  resulting  disposable  force  will  be  equal  to  24  pounds  more,  the  weight 
of  C,  less  its  friction  returning  to  the  place  from  where  C  was  raised;  so 
that,  in  thb  case,  the  pressure  on  the  internal  sides  of  the  vessel,  tending 
to  burst  it,  will  be  equal  to  10  pounds  per  square  inch  of  the  internal  su- 
perficies, the  remaining  14  poundsbeing  counteracted  by  the  pressure  of  the 
atmosphere  on  the  external  surface,  which  is  equal  to  14  pounds  of  the 
internal  pressure.  By  this,  it  is  evident,  that  the  direct  force  of  steam  may 
be  increased  without  limits,  whereas  the  resulting  force  or  pressure  of  the 
atmosphere  is  manifestly  bounded  to  14  or  15  pounds  on  the  square  inch, 
according  as  its  density  varies. 

Trusting  from  this  explanation  that  even  those  who  are  un- 
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acquainted  with  matters  of  this  nature  will  clearly  conapre- 
hend  the  manner  in  which  the  expansive  force  of  steam  ope- 
rates, we  shall  proceed  to  explain  the  different  mechanical 
combinations  which  have  been  formed  to  render  this  power 
subservient  to  our  will :  premising  that  what  we  have  here- 
tofore called  the  consequent  power  of  steam  will,  in  future, 
be  considered  the  pressure  of  the  atmosphere,  which  in  fact 
it  is,  having  adopted  the  other  term  in  the  introductory  ex- 
planation, in  order  more  clearly  to  impress  on  the  mind,  that 
the  expansive  force  of  steam  is  actually  the  only  originator 
of  power  in  this  machine. 

The  first  apparatus  with  which  we  are  acquainted,  con- 
structed for  the  purpose  of  employing  steam  as  power  to  act 
inaclose  vessel,  was  invented  by  a  Captain  Savary,  for  which, 
in  the  year  1698,  he  obtained  a  patent.  The  form  of  it,  as 
invented  by  him,  is  represented  in  fig.  169. 

a,  a  close  boiler,  placed  on  a  furnace,  and  of  sufficient  strength  to  resist 
considerable  pressure;  B  another  vessel  strong^ly  constructed;  c  c  a  pipe  with 
a  cock  in  it  at  iy  by  means  of  which  a  communication  can  be  made  from  a  to 
B  at  pleasure;  e  a  pipe  proceeding  downwards  into  a  well  or  other  reservoir 
of  water;  //another  pipe  proceeding  from  B  to  a  reservoir  placed  above; 
hh'wti  pipe  communicating  from  B  to  the  pipe  //  and  having  a  cock  in  it 
at  A;  to  allow  of,  or  cut  off,  such  communication;  m  is  a  valve  capable  of 
closing  the  pipe  e  bjr  pressure  from  above,  and  of  opening  it  by  pressure 
from  below;  /a  similar  valve  fitted  to  the  pipe  //,  and  capable  of  being 
acted  upon  in  a  similar  manner.  If  the  boiler  a  be  filled  with  water  to  the 
dotted  line,  and  heat  applied  by  means  of  the  furnace,  the  steam  will  rise  in 
the  boiler,  and  passing  through  the  pipe  c  c,  fill  the  vessel  B,  and  pass  up  the 
pipe  //;  the  valve  m  being  shut  by  the  expansive  force  of  the  steam  pressing 
upon  it:  if  the  cock  t  be  now  shut  and  the  steam  in  the  vessel  B  condensec^ 
by  throwing  cold  water  upon  its  outer  surface,  the  atmosphere  pressing  on 
the  valve  m  will  close  it,  and  the  interior  of  the  vessel  B  remain  a  vacuum, 
and  the  water  in  the  reservoir  to  which  the  pipe  e  passes  will  be  forced  by 
the  external  pressure  of  the  atmosphere  into  the  vessel  B  up  to  the  dotted 
line,  which  is  supposed  to  be  about  26  feet  from  the  surface  of  the  water  in 
the  reservoir,  being  the  length  of  a  column  of  water,  which,  taking  into 
account  that  the  vacuum  thus  formed  is  not  quite  perfect,  is  equal  to  the 
pressure  that  will  be  exerted  by  the  atmosphere.  If  the  cock  t  be  opened 
agun,  and  the  steam  allowed  to  press  on  the  surface  of  the  water,  in  U,  it 
will  close  the  valve  m,  and  cause  the  water  to  ascend  the  pipe  //,  through 
the  valve  Ij  to  the  upper  reservoir;  and  when  the  cock  i  is  again  shut,  and 
the  steam  in  B  again  caused  to  condense,  the  operation  will  be  repeated, 
and  the  weight  of  the  water  in  the  pipe// will  close  the  valve  /,  and  cause 
the  vessel  B  to  be  filled  by  £  as  before. 

Such  was  the  construction  and  mode  of  operating  with  the  first  apparatus 
made  by  Captain  Savary.  But  he,  finding  it  inconvenient  to  cause  condensa^ 
tion  by  means  of  throwing  cold  water  upon  the  outer  surface,  introduced 
the  pipe  h  h  into  B,  which,  by  opening  the  cock  k^  allowed  some  portion  of 
the  water  to  pass  from  the  pipe  //  which  was  alwa3rs  full  after  the  first 
stroke,  and  thereby  cause  condensation  more  quickly  to  ensue. 

The  trial  or  gaug^  cocks  o,  q,  were  also  contrived  by  Captain  Savmiy,  in 
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Older  to  itcertein  the  height  of  the  water  in  the  boiler.  If  the  surfmce  of 
the  water  is  above  the  lower  ends  of  the  cocks,  and  the  cocks  be  opened, 
water  will  issue  from  them,  if  below,  steam.  But  if  the  water  is  at  its 
proper  level,  that  is  to  say,  if  the  surface  of  the  water  be  in  the  interme- 
diate space  between  the  ends  of  the  cocks  q  and  n  o,  water  will  issue  from 
the  former,  and  steam  from  the  latter.  This  knowledge  was  necessary  to 
be  obtained;  for  should  the  surface  of  the  water  exceed  the  heirht  of  the 
cocks  o,  there  will  not  be  room  for  a  sufficiency  of  steam  to  remam  in  store 
for  continued  operation. 

The  application  of  this  engine  was  confined  to  the  raising  of 
water  to  small  heights,  as  it  operated  only  by  atmospheric 

?ressure ;  in  deep  mines  it  was  found  not  to  be  efiective. 
'aking  into  consideration,  however,  the  then  imperfect  state 
of  knowledge,  so  far  as  regarded  steam  as  a  first  mover,  the 
inventor  is  entitled  to  no  inconsiderable  degree  of  praise  (or 
this  specimen  of  his  ingenuity.  The  greatest  objection  to 
this  mode  is,  the  great  waste  of  steam,  and  consequent  unne- 
cessary expenditure  of  fuel,  arising  from  the  condensation 
being  effected  by  allowing  cold  water  to  come  into  contact 
with  the  steam  in  the  vessel  B. 

At  tbe  time  when  the  existence  of  this  engine  was  first 
made  known  to  the  public,  the  amazing  power  of  steam,  which 
it  so  plainly  demonstrated,  began  very  deservedly  to  obtain 
the  attention  of  ingenious  men  ;  and  disputes  for  the  honour 
of  tbe  discovery  took  place,  the  English  ascribing  it  to  the 
Marquis  of  Worcester,  the  French  to  Papin. 

Without  entering  into  the  minutisB  of  this  contest,  it  will  be 
suflicient  for  us  to  trace  progressively  the  grand  improvements 
that  have  taken  place  in  the  steam-engine  in  this  country  : 
though  not  forgetting  to  mention  the  accessary  improvements 
derived  from  foreign  aid.  Of  this  latter  is  the  safety  valve, 
an  instrument,  though  in  itself  simple,  of  such  vast  impor- 
tance, that  to  it  may  be  attributed  the  general  introduction, 
and  consequent  improvement,  of  the  steam-engine  to  its  pre- 
sent existing  state  of  perfection.  It  was  contrived  by  Dr 
Papin,  who  at  the  time  of  Captain  Savary's  invention,  was 
making  experiments  on  the  power  of  stepim  at  high  tempera- 
tures, for  the  purpose  of  dissolving  bodies.  It  consists  merely 
of  an  aperture  of  a  specific  dimension,  suppose,  for  instance, 
one  square  inch,  in  or  communicating  with  any  close  boiler, 
and  a  valve  properly  fitted  in  that  aperture,  such  valve  being 
on  tbe  outside  loaded  to  any  extent  considered  necessary  to 
resist  the  force  of  the  steam  until  it  has  acquired  a  certain 
degree  of  power,  computed  to  be  what  the  boiler  is  perfect- 
ly capable  of  sustaining  without  the  chance  of  bursting.  Now 
it  is  manifest,  until  the  pressure  of  the  steam  within  has  ex- 
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erted  itself  so  far  as  to  raise  such  weight,  the  internal  pres- 
sure per  square  inch,  tending  to  burst  the  boiler,  does  not 
exceed  the  amount  of  such  weight,  so  that,  by  this  means,  an 
estimate  of  the  chances  of  such  an  occurrence  taking  place 
can  easily  be  made. 

The  contrivance  of  Dr  Papin,  of  placing  a  piece  of  wood 
to  float  upon  the  surface  of  the  water,  though  an  iroproTemeat 
in  this  stage  of  the  engine,  is  now  of  no  importance  :  but  it  is 
not  improbable,  that  this  first  suggested  the  idea  of  a  close 
fitted  piston  working  in  a  cylinder,  which  constituted  the  most 
valuable  part  in  the  next  step  of  advancement.  This  was  ef- 
fected by  an  ironmonger  or  smith  of  the  name  of  Newcomen, 
and  a  glazier  of  the  name  of  Cauly,  residing  at  Dartmouth, 
in  Devonshire,  who  were  contented  to  share  the  profits  of  the 
invention  with  Savary,  and  jointly  with  him  obtained  a 
patent  for  it  in  the  year  1705. 

This  engine,  generally  called  Newcomen's  engine,  was  the 
first  that  had  a  piston  fitted  to  work  in  a  cylinder,  which,  to- 
gether with  the  beam,  gave  to  the  construction  of  the  ma- 
chine a  new  character. 

An  engfine  upon  this  construction  is  represented  in  ^g.  170,  where  A  is 
&  boiler  placed  upon  a  fiinuce;  ll,  a  cylinder,  bored  true,  and  having  the 
piston  e  ntted  to  work  easily  therein;  q,  a  cock  in  the  pipe  forming  a  com- 
munication from  the  boiler  to  the  lower  part  of  the  cyhnder;  S,  a  safety 
▼aire  loaded  by  the  weight  at  the  extremi^  of  the  lever  r  /,  pressing-  upon 
the  upright  pin  of  the  i^re  at  8;  d  d,  &  pipe  leading  from  Uie  cylinder  B 
to  the  reservoir  t,  with  the  cock  e  for  opening  and  closing  the  connectioii; 
fff  another  pipe  leading  also  from  the  cylinder  to  the  reservoir  A,  havin|^  a 
valve  at  the  lower  extremity,  opening  outwards,  for  the  purpose  of  allowing 
any  accumulation  of  condensed  water  in  tiie  cylinder  to  run  off,  and  through 
which  the  air  may  be  ejected  by  the  steam  when  filling  B;  L  L  is  a  beam, 
supported  upon  Uie  wall  K  K,  and  capable  of  vibrating  upon  the  centre 
U;  a  is  the  rod  of  the  piston,  fastened  to  the  curved  end  of  the  beam  by  a 
chain ;  m  m  the  rod  of  the  pump,  fixed  to  the  beam  in  a  manner  rimilar  to 
the  piston  rod;  the  pump  is  placed  in  the  well  or  pit  x,  with  the  weights 
0  o  hanging' upon  the  pump  rods  sufficient  to  counterbalance  the  piston 
and  rod  on  the  other  end  of  the  beam,  and  keep  it  raised  to  the  top^  of 
the  cylinder;  pp  b  a  pipe  leading  from  the  pump  m  the  well  to  supptythe 
cistern  t. 

Supposing  the  piston  « to  be  in  the  situation  ei,  near  the  top  of  the 
cylinder,  and  the  steam  in  the  bmler  to  be  urged  by  fire  in  the  furnace,  and 
the  cock  g  to  be  open,  the  cylinder  B  will  become  fiUed  with  steam,  and 
the  air  tiiat  is  in  it  be  expelled  by  the  pipe//,  and  tbrou^  the  clack-valve 
St  the  end,  which,  from  the  noise  made  by  such  expulsion  is  called  the 
snifting-clack.  If  the  cock  q  be  dosed,  and  that  at  e  opened,  water  will 
rush  from  the  reservoir  i  into  the  cylinder,  and  by  causing  an  immediate 
condensation  of  the  steam  create  a  vacuum,  so  that  the  pressure  of  the 
atmosphere  will  operate  upon  and  force  down  the  piston  c  to  the  bottom 
of  the  cylinder,  and  cause  the  other  end  of  the  beam  L  to  rise  as  much 
M  that  end  ftiUs,  which  makes  one  stroke  of  the  pump-rods.  If  the  cock  e 
be  now  closed,  and  q  opened,  steam  will  force  against  the  bottom  of  c,  and  by 
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orercoming  the  pressvre  of  the  atmosphere  again  ruse  it  to  its  original 
pogition;  and  q  being  again  closed,  and  t  opened,  the  perfonnance  of  a 
similar  operation  Mrill  be  effected. 

The  advantage  sought  in  the  construction  of  this  sort  of  engfine  was 
obtained,  namely,  that  of  not  being  required  to  use  steam  of  greater  press- 
ure than  th^  atmosphere,  which  was  the  case  in  Savary's  engine,  when  the 
height  the  water  was  to  be  raised  by  the  pipe//,  fig.  169,  exceeded  more 
than  about  32  feet  In  Newcomen's  engine,  the  weight  o  o  balances  the 
piston  c,  and  the  exertion  of  the  steam  is  never  required  to  be  more  than 
about  14  pounds  to  the  superficial  inch;  whilst  the  introduction  of  the  beam 
affords  a  movement  applicable  to  the  working  of  pumps,  by  which  w^ter 
can  be  raised  to  any  required  height 

The  cocks  q  and  t  were  opened  by  the  hand  of  an  attendant  until  a  boy 
of  the  name  of  Potter,  who  was  intrusted  with  the  management  of  them, 
to  save  himself  the  labour  and  attention  which  they  required,  ingeniously 
contrived  to  attach  a  piece  of  string  to  the  levers  of  the  cocks,  and  to  the 
beam  L  L,  in  such  a  manner,  as  to  procure  by  its  movement  their  being 
opened  and  shut  at  the  proper  periods.  It  was  this  rave  the  idea  for  the 
construction  of  that  part  or  the  present  engine  called  hand-geer. 

The  next  person  who  made  any  considerable  improvement 
in  the  steam-engine  was  Mr  Henry  Beighton,  of  Newcastle, 
who  invented  the  part  called  the  plug-tree,  for  opening  and 
shutting  the  valves,  which  we  shall  describe  in  a  more  ad- 
vanced part  of  the  work  :  he  also  adopted  a  force-pump,  to 
supply  the  deficiency  of  water  in  the  boiler  caused  by  the 
expenditure  in  the  production  of  steam.  This  engine,  called 
BeLghtofi^s  fire-engine^  was  much  used  for  nearly  half  a  cen- 
tury ;  and  the  attention  of  engineers  was  directed  more  to- 
wards the  economizing  of  fuel,  than  the  further  improvement 
of  the  engine. 

At  length,  however,  it  began  to  be  perceived,  that  the  at^ 
tainment  of  a  rotatory  motion  would  open  an  extensive  field 
for  the  application  of  its  powers  to  various  mechanical  pur- 
poses; and,  accordingly,  we  find  the  attention  of  engineers 
most  actively  engaged  in  endeavouring  to  effect  so  desirable 
an  object,  which  was  eventually  accomplished  by  Mr  Mat- 
thew Washbrough,  of  Bristol,  who,  in  the  year  1778,  obtain- 
ed a  patent  for  the  application  of  the  crank.  Though  this 
is  by  far  the  best  application  that  has  been  yet  applied,  as  is 
evident  from  its  now  almost  universal  adoption,  it  was  for 
some  time  superseded  by  the  sun  and  planet  wheels  intro- 
duced by  Messrs  Boulton  and  Watt. 

The  sun  and  planet  wheels  are  represented  in  fig.  171.  A  represents  the 
end  of  the  beam,  to  which  is  affixed,  by  a  movable  centre  at  F,  the  rod  B, 
called  the  connecting  rod,  upon  the  lower  end  of  which  is  immovably  fixed 
the  wheel  C;  D  is  a  cog-wheel,  fixed  upon  the  the  axis  of  the  fly-wheel 
G  G  G  G,  and  capable  of  revolving  with  it.  When  the  beam  A  passes 
downwards,  the  wheel  C  changes  from  its  position  at  C  to  C  i ,  and  its  cogs, 
acting  upon  those  of  the  wheel  D,  cause  that,  and  the  fly-wheel  to  which 
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it  11  attidied,  to  perform  that  portion  of  a  revohitioii  round  its  axis.  The 
wheel  C,  from  the  manner  in  which  it  is  suspended,  tends  always  to  press 
affainst  D  in  its  downward  and  upward  motions.  When  C  is  in  the  position 
S  C  » ,  the  wheel  D,  from  the  velocity  it  has  acquired  hy  its  connection  with 
the  fly-wheel,  causes  it  to  passninder  the  centre  of  D,  and  the  beam  begin- 
ning unmediately  to  ascend,  operates  by  C  on  the  other  side  of  D,  pymg  it 
another  portion  of  impulse  towards  a  continuous  motion  whilst  passing  fiom 
C  3  to  C  * ,  and  when  it  arrives  at  C  '  it  will  be  impelled  over  the  centre  D  D 
by  the  velocity  which  its  own  action  had  given  the  fly-wheel. 

The  crank  and  fly-wheel  invented  by  Mr  Matthew  Washbrough  is  shown 
in  fig.  172.  A  and  B  represent  the  same  parts  as  in  fig.  iri  t  but  the  lower 
end  of  B  is,  in  this  case,  attached  to  the  crank  C  at  ei,  and  is  capable  of 
revolving  round  the  centre  E;  the  other  end  of  the  crank  is  attached  to 
^e  fly-wheel  D  D  D  D,  so  that  both  that  and  the  fly-w)ieel  are  capable  of 
revolving  round  the  centre  E.  When  the  beam  A  is  depressed,  it  commu- 
nicates motion  to  the  crank  and  fly-wheel  to  which  it  is  attached,  and  when 
it  airives  at  H,  the  velocity  of  the  fly-wheel  causes  it  to  pass  under  the  centre 
E,  and  the  beam  beginning  immediately  to  ascend,  again  communicates 
mption  to  the  fly-wheel. 

The  length  of  the  connecting  rod  B  should  be  such  that 
when  the  beam  A  is  in  an  horizontal  position,  the  crank  will 
likewise  be  the  same  ;  and  when  the  crank  is  in  the  position 
as  at  G,  its  length,  together  with  the  length  of  the  crank, 
such  as  to  permit  the  other  end  of  the  beam,  A,  toileecend 
until  the  piston  which  is  attached  to  it  is  at  the  bottom  of  the 
cylinder ;  and  the  length  of  these  and  the  cylinder  such,  that 
when  the  crank  is  in  the  position  H,  the  piston  shall  be  at  the 
top  of  the  cylinder.  This  method  not  only  affords  a  rotative 
motion,  but  determines  the  length  of  the  stroke  which  the 
piston  may  be  required  to  perform,  to  an  exactness  that  is  of 
great  importance;  for  prior  to  its  introduction,  the  forcible 
striking  of  the  piston  against  the  top  and  bottom  of  the  cylin- 
der, which  was  attended  with  injurious  effects,  was  an  occur- 
rence by  no  means  unfrequent,  and  which  the  sun  and  planet 
wheels  were  in  no  way  calculated  to  remedy. 

Mr  Watt,  a  native  of  Glasgow,  having  his  attention  ac- 
cidentally directed  to  the  construction  of  the  steam-engine, 
discovered  that  water,  when  confined  in  a  close  vessel,  and 
heated  considerably  beyond  the  boiling  temperature,  would, 
when  the  steam  was  permitted  to  escape,  cool  rapidly  down 
to  the  boiling  point,  which  suggested  an  idea,  that  the 
amount  of  steam  issuing  from  any  vessel  was  simply  in  pro- 
portion to  the  amount  of  heat  applied,  and  that  the  econo- 
mizing of  fuel  could  only  be  obtained  by  the  economizing  of 
steam.  Mr  Watt  also  noticed  the  great  change  which  took  place 
in  the  temperature  of  the  cylinder  when  the  cold  water  was 
injected  to  condense  the  steam;  and  concluded,  that  as  the 
coldness  of  the  cylinder  would  remain  after  the  necessary  con- 
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densalion  bad  been  effected,  a  Wasteful  coBdentation  of  tbe 
newly  introdaced  steam  must  take  place.  By  experiment  he 
found,  that  the  quantity  of  steam  thus  wasted  was  no  less 
iban  Uirice  the  contents  of  the  cylinder,  or  three  times  the 
quantity  which  was  required  for  producing  the  effect  sought. 
The  modes  to  ^hich  he  had  recourse  to  remedy  this  defect 
were  first,  the  substitution  of  a  wooden  cylinder,  which,  upon 
repeated  trials,  he  was  compelled  to  abandon,  on  account  of 
the  roughness  produced  by  wet  and  the  changes  of  tempera- 
ture ;  secondly,  the  enclosing  of  the  cylinder  with  wood,  and 
filling  the  intermediate  space  with  powdered  charcoal ;  which 
afterwards  was  superseded  by  the  introduction  of  an  extra 
cylinder,  that  enclosed  the  working  cylinder,  and  permitted 
steam  to  flow  round  it,  which  maintained  it  at  a  regular  tem- 
perature. The  outer  cylinder  is  termed  a  jacket,  and  is  now 
used  with  advantage. 

In  the  year  1763,  Mr  Watt  made  the  grand  improvement 
of  effecting  the  condensation  in  a  separate  vessel,  communi- 
cating only  by  a  pipe  to  the  cylinder,  termed  the  condenser. 

In  fig.  178,  A  is  tbe  lower  part  of  the  cylinder^  B  the  condensert  C  the 
eduction  pipe,  or  pipe  of  communication  between  the  cylinder  and  conden- 
ser, capable  of  being*  opened  or  closed  by  the  cock  c;  and  D  D  a  chamber  of 
cold  water,  in  which  the  condenser  B  is  immersed.  When  the  cock  c  is 
opened,  the  steam,  by  its  elastic  force,  rushes  into  U,  where  it  is  condensed; 
and  the  space  itlias  left  in  tbe  cylinder  allows  a  new  supply  of  steam  to  be 
^rcnerated,  which,  by  the  opening  of  the  cock  c,  also  passes  into  B,and  is 
nmilariy  condensed.  The  condensing  of  the  steam  necessarily  accumulates 
water  in  B,  and  reduces  the  capacity  of  the  condenser;  to  remedy  which, 
Mr  Watt  introduced  a  smaU  pump,  worked  by  the  engine,  to  withdraw  the 
extra  water,  as  also  the  air,  which  in  some  degree  hindered  the  perfectnesa 
of  the  vacuum:  he  named  it  the  air-pump.  He  also  found  it  expedient  to 
permit  a  small  stream  of  water  to  run  from  the  chamber  D  D,  by  means  of  a 
cock,  which  could  regulate  the  supply  according  to  the  temperature  of  the 
water  in  D,  or  the'reauired  rapidity  of  the  condensation.  The  ci^m  in 
which  the  condenser  is  placed  is  called  the  cold-water  eistam;  it  is  continu- 
ally being  supplied  with  fresh  water  from  a  pump  connected  with  a  well  or 
pit,  and  ukt  orerplus  is  discharged  by  a  spout  into  a  drain.  The  hot  water 
drawn  from  the  condenser  by  the  air-pump  is  delivered  into  another  cistern, 
termed  the  hoUwaUr  cutem. 

These  parts  are  represented  in  fig.  174,  where  their  distribution  is  such  as 
to  exhibit  them  conveniently,  without  taking  into  view  their  construction  in 
any  particular  engine,  as  their  form  and  relative  possession  is  of  no  impom 
tance,  and  is  arbitrarily  varied  as  the  different  builders  think  fit,  or  as  conve- 
niency  or  circumstances  may  in  many  cases  require.  A  is  the  cylinder;  B 
the  condenser;  C  the  air-pump;  E  E  the  cold-water  cistern;  F  the  cold- 
water  pump  for  supplying  the  same;  S  S  the  steam  pipe  from  the  boileri 
H  the  eduction  pipe  firom  the  cylinder  to  the  condenser;  O  O  the  hot-water 
cistern;  N  the  injection  cock  for  allowing  a  small  stream  of  water  to  flow  into 
B;  P  the  hot- water  pump,  which  forces  a  sufficiency  of  water  from  the  hot- 
water  cistern  through  the  pipe  q  to  keep  up  the  supply  in  the  boiler;  Utt 
are  pump  rods,  fixed  to  the  beam  and  worked  by  its  motion » g  is  a  suction 
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pip« ;  Mid  mdM  footHralve.  Tke  pipe  I  and  the  val?e  Y,  opening npvnds, 
are  for  the  purpose  of  permitting  the  steam  to  pass  through  .to  expel  the  at- 
mosphere from  the  condenser,  <^led  a  blow-valve,  and  then  by  its  own  con- 
densation to  leave  a  vacuum  on  the  starting  of  the  engine. 
"  A  communication  is  made  from  the  condenser  by  a'ptpe  to  the  upper  paK 
of  a  tube  standing  in  a  bason  of  mercury.  The  amount  of  mercuiy  in  the 
tube  will  indicate  the  perfectness  of  the  vacuum  in  the  condenser,  by  exhi- 
biting the  height  at  which  it  is  supported  by  the  pressure  of  the  atmos- 
phere.   If  the  vacuum  is  perfect,  the  mercury  will  stand  from  28  to  .'^1  inches. 

The  only  difTerence  between  the  working  of  this  engine 
and  those  already  described  is,  that  the  pipe  H  H,  instead  of 
being  an  injection  pipe  for  the  admission  of  cold  water  to  the 
cylinder,  merely  loads  off  the  steam  to  the  condenser  B,  tliere- 
fore,  when  condensation  is  to  be  effected,  the  cock  &  is  open- 
ed to  admit  the  steam  from  the  cylinder  into  B,  there  to  be- 
come condensed,  whilst  the  continued  action  of  the  pump  C 
maintains  a  vacuum  in  B,  by  drawing  off  the  condensed  water 
and  the  air.  The  cold-water  pump  F  keeps  up  an  abundant 
supply  in  the  cistern  E  E,  and  the  superplus  is  discharged  at 
W^  thus  maintaining  a  depression  of  temperature  sufficient 
to  procure  condensation  in  B. 

Such  was  the  importance  of  this  alteration  in  the  mode  of 
construction,  that  one-half  the  quantity  of  fuel  consumed 
by  an  engine  of  the  former  construction  was  saved.  Still, 
however,  the  engine  was  not  complete;  the  piston  was  requir- 
ed to  have  water  kept  upon  it^  upper  surface  to  keep  it  air- 
tight, and  as  this,  in  the  descent,  cooled  the  cylinder  consi- 
derably, it  was,  as  is  evident  from  what  has  been  already 
stated,  when  speaking  of  the  former  mode  of  injecting  cold 
water,  productive  of  a  loss,  to  which  Mr  Watt  turned  bis 
serious  attention,  and  eventually  succeeded  in  remedying  the 
evil. 

The  next  construction  of  the  engine  is  what  is  now  called 
the  single  acting  engine,  and  as  the  improvement  consisted 
merely  in  the  cylinder,  a  diagram  of  that  will  be  sufficient  to 
make  it  clearly  understood.  Finding,  as  has  been  stated,  the 
disadvantages  attending  the  open-ended  cylinder,  Mr  Watt 
conceived  the  idea  of  closing  the  top  of  the  cylinder,  and  of 
causing  the  piston-rod  to  work  through  a  close  collar  stuffed 
with  hemp  and  grease;  and  instead  of  making  use  of  water 
to  procijre  the  piston  working  air-tight,  of  using  oil  or  fat  as 
a  substitute ;  and  inslead  of  causing  it  to  descend  by  the 
pressure  of  the  atmosphere,  of  employing  steam  of  an  ex- 
pansive force  equal  to  that  pressure. 

In  reference  to  fig.  175,  A  is  the  cylinder;  B  the  piston  ;  C  C  the  stuflSng- 
Dox  fiUcd  with  hemp  moistened  with  tallow,  having  iu  cap  screwed  firmly 
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down  by  two  •erewai*  ao  tm  tofmrn  arteioD-tight  joint  roirnd  the  pWton-tod. 
The  piston-rod  being'  turned  true  and  polished,  is  capable  of  working  up 
and  down  through  the  steam-tight  joint  D  is  the  steam  pipe  leading  from 
the  boiler ;  K  the  eduction  pipe  leading  to  the  condenser ;  H  and  I  are  two 
'  Tmhres  apon  the  rod  L,  which  passes  trough  stuffing  boxes  or  steam-tight 
joints,  at  m  n  While  raising  and  lowering  the  rod  L,  the  valves  H  ai^  I 
open  or  close  their  respective  apertures  D  and  K.  g  is  a  valve  which  affords, 
when  open,  a  communication  between  the  top  and  bottom  of  the  cylinder 
through  the  pipe  P  £,  and  from  thence  through  O.  Its  spindle,  which  b 
hoUow,  works  in  a  steam-tight  collar  at  N,  and  has  the  rod  L  passing 
through  it,  likewise  steam-tight,  in  such  a  manner  that  the  rod  I^  with  its 
valves*  may  be  moved  independent  of  the  valve  g,  or  the  valve  g  independ- 
ent of  the  rod  L.  If  the  valves  are  placed  as  represented,  I  and  H  open, 
and  g  shut,  and  the  steam  be  permitted  to  come  from  the  boiler  through  D, 
it  wUl  pass  through  H,  and  enter  the  top  of  the  cylinder  at  P,  depressing  the 
piston  B  by  its  elastic  force,  whilst  the  lower  part  of  the  cylincler  is  open 
through  O  and  Rto  the  condenser.  When  the  piston  is  depressed. to  B  i, 
the  r^  L  must  be  moved  downwards,  and  the  valves  H  and  I  closed,  and 
the  valve  g  opened,  that  the  steam,  by  its  elastic  force,  may  pass  through 
P  £  and  me  valve  g»  and  act  equally  upon  the  lower  as  well  as  the  upper 
surface  of  the  piston ;  the  piston,  therefore,  being  in  an  unbiassed  state,  as 
regards  the  pressure,  will  again  be  raised  to  its.  original  situation  by  the 
counterpoise  weights  acting  at  the  other  end  of  the  beam,  and  the  steam  will 
pass  from  above  to  below  the  piston.  When  it  has  arrived  at  that  place, 
the  valves  may  be  again  put  in  their  first  position,  as  represented-m  the 
drawing,  when  that  at  I,  being  open,  affords  a  communication  through  O  K 
for  the  steam,  which  now  occupies  the  cylinder  below  the  piston,  to  pass  to 
the  condenser,  whilst  fresh  steam  forces  through  D  upon  the  upper  surface 
of  the  pbton  tantamount  to  the  pressure  of  the  atmosphere,  and  produces 
an  effect  fully  equal  to  that  obtained  from  an  atmospheric  engine. 

In  the  engine  just  described,  the  beam  was  drawn  down  by 
the  pressure  of  the  steam  upon  the  top  of  the  piston,  and 
when  the  steam  had  passed  into  the  condenser,  was  raised  by 
counterpoise  weights  placed  at  its  further  end ;  by  which  it 
is  manifest,  that  the  action  of  an  enaine  of  this  construction 
must  be  somewhat  irregular,  for  whilst  the  piston  is  descend- 
ing, the  steam  must  act  upon  it  to  an  amount  capable  of  rais- 
ing the  counterpoise  weights,  and  of  likewise  doing  the  work 
put  upon  it,;  but  when  the  piston  is  rising,  the  actual  fall  of 
the  counterpoise  weights  is  the  only  amount  of  power  which 
the  engine  is  supplying,  and  from  which  is  to  be  deducted  the 
friction  and  weight  of  the  piston.  Such  engines,  therefore, 
when  a  continuous  and  equable  force  is  required,  are  not  so 
advantageous  as  those  where  the  rising  and  depressing  of  the 
piston  are  alike  performed  by  the  same  means  and  the  same 
extent  of  force.  This  desirable  end  was  accomplished  by 
Mr  Watt  in  the  construction  of  the  double-acting  engine, 
which  we  shall  next  notice,  in  contradistinction  to  the  one 
that  last  claimed  our  attention,  and  which  is  now  seldom  used 
for  any  other  purpose  than  that  of  pumping  water. 
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The  double-acting  engine  it  forned  in  such  a  manner  that 
whilst  the  steam  is  pressing  on  one  side  of  the  piston,  the 
cylinder  on  the  other  side  is  always  open  to  the  condenser, 
so  that  a  vacuum  existir  on  the  opposite  side  to  that  on  which 
the  pressure  is  exerted.  Thid  effect  is  produced  by  several 
modes  of  distributing  various  pipes,  or  valves,  or  cocks.  The 
simplest  in  its  construction  is  the  four-way  cock. 

Fig.  176.  A  is  the  cylinder ;  B  the  piston  ;  C  the  pipe  communicating' 
with  the  boiler  ;/m  a  communication  with  the  condenser;  I  K  and  H  ^ 
communicate  to  Ac  top  and  bottom  of  the  cylinder ;  C  i  and  D  arc  two  dif- 
ferent passages  through  the  plug  of  a  cock,  (the  phig  of  the  cock  is  shaded 
for  distinction, )  capable  of  being  turned  by  means  of  its  handle  m  i .  Wh^n 
the  cock  is  as  now  represented,  the  steam  from  C  passes  through  D  along 
H  and  g  to  beneath  the  piston,  whilst  there  will  be  a  direct  communication 
with  the  condenser  from  above  the  piston  through  K  I C  i  F  M.  When  the 
cock  is  turned  in  the  position  as  represented  in  fig.  177,  both  these  cooi- 
munications  will  be  inverted  by  the  different  dispositions  of  their  openings. 
The  opening  e  in  the  plug  will  then  afford  a  communication  from  the  steam 
pipe  C  to  I,  leading  to  the  upper  part  of  the  cylinder ;  and  the  opening  D 
will  permit  a  communication  from  H,  leading  from  the  lower  part  of  the 
cylinder  to  M,  the  eduction  pipe,  leading  to  the  condenser ;  thus  perfecting 
by  its  motion  the  different  changes  of  communication,  so  that  the  steam  is 
always  made  to  act  on  the  one  side  of  the  piston,  ix^hilst  the  vacuum  b 
effected  on  the  other.  The  effect  on  the  piston  in  ascendin  jp  or  descending 
is  equal,  and  the  power  is  much  more  regular  and  convenient  for  applica- 
tion to  rotative  motion. 

In  the  single  and  the  double  engine  the  pressure  of  the 
atmosphere  is  not  used ;  but  the  direct  force  of  the  steam 
which,  in  the  old  engines,  went  to  expel  the  atmosphere,  and 
then  by  its  own  condensation  to  leave  a  vacuum,  is  first  re- 
sorted to,  and  its  condensation  leaves  a  vacuum  to  assist  the 
action  of  the  next  supply.  Consequently  the  single-acting* 
engine  has  not  gained  more  power  than  the  atmospheric 
engine  in  proportion  to  the  steam  used,  otherwise  than  by 
what  is  saved  through  keeping  the  cylinder  warm;  and  the 
double  acting  engine  is  only  a  mode  of  using  the  steam  in  a 
more  continuous  and  unbroken  manner,  taking  just  twice  the. 
quantity  of  steam,  and  exerting  twice  the  power  of  the  sin- 
gle-acting engine. 

Other  modes  for  attaining  this  change  of  communication, 
so  as  to  produce  the  double  action,  are  adopted  as  circum- 
stances may  demand.  The  one  last  described,  called  the 
four-way  cock,  was  found  not  to  answer  in  large  engines,  in- 
asmuch  as  plugs  of  sufficient  dimensions  to  afford  steam- 
way  enough  caused  so  much  friction  in  their  collars,  that  it 
was  an  expenditure  of  considerable  power  to  turn  them  ;  the 
method,  therefore,  most  usually  adopted  in  engines  of  large 
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dimensions  is,  a  system  of  valves,  opened  and  shut  at  the 
proper  periods  by  levers. 

The  internal  arrangement  of  such  a  system  is  shown  at  fig.  173,  where 
C  is  a  pipe  leading  from  the  boiler  for  the  conveyance  of  steam ;  and  D  K 
a  pipe  leading  to  L  the  condenser;  op,mn,  are  two  bozes^  each  divided 
internally  into  three  compartments,  in  which  are  the  valves  efg  h,  capable' 
of  opening  upwards.  From  the  centre  compartment  in  each  <»  the  boxes 
above  and  below  there  is  a  communication,  at  a  and  b,  with  the  to(>  and 
bottom  of  the  cylinder.  The  steam  is  conveyed  along  the  pipe  C  into  the 
upper  chamber  of  the  upper  box,  and  by  means  of  the  pipe  t  passes  through 
it  and  proceeds  to  the  upper  chamber  of  the  lower  box,  and  the  pipe 
K  D  affords  a  communication  from  each  of  the  lower  chambers  to  the  con- 
denser L. 

If  the  valve  h  be  opened,  there  will  be  a  communication  from  the  lower 
part  of  the  cylinder  through  the  aperture  b  and  pipe  K  into  the  condenser 
L,\.  and  i^  at  the  same  instant,  the  valve  e  be  opened,  the  steam  will  be 
adimitted  throuj^h  C  into  the  centre  chamber  of  the  upper  box,  and  through 
the  aperture  a  mto  the  upper  part  of  the  cylinder?  consequently  the  steam 
will  be  admitted  to  the  upper  part  of  the  cylinder  while  the  lower  part  has 
communication  with  the  condenser,  and  the  piston  be  forced  downwards. 
If  these  valves  be  closed,  and  the  valves  ^/opened,  the  steam  will  have 
access  throu|^h  C  t,  the  valve  g,  and  aperture  t,  to  the  lower  part  of  the 
orlindei*,  whilst  there  will  be  a  communication  from  the  top  of  tne  cylinder 
tnroug^  the  aperture  a,  the  valve  f,  and  the  pipe  K  D,  to  the  condenser,  so 
that  the  piston  will  then  be  forced  upwards. 

This  mode  of  effecting  the  changes  of  communication, 
though  by  no  means  so  simple  as  that  of  the  fore-way  cock, 
has  an  advantage  over  it  that  gives  it  a  decided  preference. 
For  as  the  movements  of  the  valves  are  independent  of  each 
other,  the  shutting  off  of  the  steam,  and  of  the  communication 
with  the  condenser,  can,  if  desired,  be  effected  at  different 
periods,  so  that  the  steam  may  be  allowed  to  act  upon  the 
piston  only  during  one-half  of  the  stroke,  which  was  disco- 
vered by  Mr  Watt  to  effect  a  saving  in  steam.  Besides  this 
advantage,  which  can,  if  required,  be  effected  in  other  en- 
gines by  simple  contrivances,  the  valve  geer  is  superior,  from 
its  lightness,  when  compared  to  slides  or  cocks,  adapted  to 
large  engines. 

In  small  engines,  these  advantages,  not  being  of  so  much 
importance,  are  more  than  counterbalanced  by  the  simplicity 
obtained  by  other  modes. 

The  first  that  we  shaU  notice  was  invented  by  Mr  Murray,  of  Leeds,  and 
is  represented  in  fig.  179,  where  a  section  of  this  apparatus,  termed  the 
slide  valve,  is  shown.  A  is  the  steam  pipe  from  the  boiler  ;  B  B  B  B  a 
close  chamber,  in  which  the  interior  chamber,  C  C,  is  capable  of  shding 
upwards  and  downwards  by  means  of  a  rod,  D  D,  which  passes  through  a 
steam-tight  box  at  E.  O  G  is  a  passage  fr^m  the  chamber  B  B  B  B  to  the 
upper  part  of  the  cylinder  ;  H  H  to  the  lower  part  of  the  cylinder ;  and  1 1 
to  the  condenser.  Now  when  the  chamber  C  C  is  placed  as  is  represented, 
it  is  plain  that  the  steam  has  access  to  the  top  of  the  cylinder,  and  that  a 
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cominunicfttion  exists  by  H  H  and  1 1  to  the  condenser.  By  moring^  C  C 
upwards,  the  communication  would  be  reversed,  that  is,  G  G  from  the  top  of 
the  cylinder  would  communicate  by  I  I  to  the  condenser,  and  H  H  admit 
steam  into  the  lower  part  of  the  cylinder.  By  the  movement  of  C  C  up- 
wards and  downwards,  the  alternating  effect  is  produced. 

Messrs  Boulton  and  Wall  introduced  another  very  neat 
and  useful  mode  of  distribating  the  steani  in  snoall  engines, 
denominated  D  valves,  on  account  of  the  shape  they  present 
when  seen  in  a  top  view. 

Fig.  180.  A  B  and  C  D  represent  the  two  D  valves  capable  of  moving  up- 
wards and  downwards  by  means  of  the  spindle  £.  Their  faces  at  A  andC 
are  made  to  fit  steam-tight  upon  the  inside  of  the  box,  and  the  back  put 
at  B  and  D,  as  shown  at  D  i ,  is  semicircular,  to  admit  of  its  being  packed 
with  hemp,  in  the  same  manner  as  the  piston.  G  and  H  are  communicatioiit 
to  the  top  and  bottom  of  the  cylinder;  1  is  the  steam  way  in  the  boiler, 
which,  in  some  engines,  comes  fh>m  the  jacket  of  the  cylinder;  and  R  is 
the  eduction  pipe,  which  carries  the  steam  to  the  condenser. 

Now  if  the  rod  E  be  moved  upwards  until  the  lower  sur&ce  of  A  B  is 
above  the  aperture  H,  the  lower  surface  of  CD  will  be  above  the  aperture 
G,  consequently  tlie  steam  from  I  will  pass  into  the  cylinder  at  H,  and  the 
steam  from  the  cylinder  will  pass  through  G  and  N  K  into  the  condenser. 
Again,  if  the  upper  surface,  A  B,  be  below  H,  C  D  will  be  below  G,  and 
the  steam  will  pass  through  tlie  aperture  O,  down  a  pipe  behind  M  K, 
through  P,  and,  by  means  of  G,  will  have  access  to  the  bottom  of  the  cylin- 
der, whilst  a  communication  will  be  eflfected  by  M  K  and  through  H,  from 
the  top  of  the  cylinder  with  the  condenser.  The  rod  E  passes  through 
steam-tight  joints,  at  top  and  bottom,  into  boxes. 

Fig.  181  represents  another  manner  of  forming  valves  upon  thb  principle, 
in  which  a  flat  surface  is  introduced  at  the  back,  and  the  packing  is  effected 
by  having  the  faces,  backs,  and  sides  of  the  valves  made  of  brass,  and 
fitted  to  plates  of  the  same  material,  which  can  be  screwed  against  the 
valves  as  they  wear.  The  slides  or  moving  parts  are  shadowed.  The  po- 
sition in  which  they  now  are  will  admit  the  steam  to  pass  from  I  through 
H,  and  the  condensation  to  be  effected  by  passing  from  G  through  N  toK; 
but  if  the  slides  be  moved  downwards  until  the  aperture  C  b  opposite  G, 
the  upper  slide  will  be  below  H,  and  the  steam  will  pass  through  P  mto 
the  cylinder  by  means  of  G,  and  exhaustion  will  take  place  from  U  through 
MtoK 

Fij^.  182  is  a  combination  of  what  are  called  concentric  valves.  Their 
distribution  is  exactly  similar  to  those  already  explained.  The  spindles  C 
C  of  the  lower  valves,  in  both  the  top  and  bottom  boxes,  pass  through  the 

2 indies  of  the  upper  valves,  which  are  pipes.  This  mode  of  constructing 
e  valves  was  invented  by  Mr  Murray.  They  are  capable  of  being  moved 
in  many  ways  ;  but  the  one  most  generally  adopted  is  represented  in  the 
figure,  where  the  rods  d  c,  attached  to  the  cross-levers  that  move  on  the 
centres  G  G  G  G,  act  upon  the  valves.  Thus  the  rod  e,  by  moving  down- 
wards, will  rmse  the  solid  or  the  lower  spindle  valve  of  the  lower  box, 
which  opens  to  the  condenser,  and  the  hollow  spindle  the  upper  valve  of  the 
upper  box,  which  admits  steam  to  the  top  of  tne  cylinder,  while  the  rod  d 
acts  upon  the  other  two,  and  changes  the  course  of  the  steam  and  exhaus- 
tion, as  before  shown. 

Conceiving  that  we  have  sufficiently  explained  the  several 
modes  of  guiding  the  immediate  power  of  steam,  we  sfaali  in 
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the  next  place  proceed  to  examine  into  the  construction  of 
the  piston. 

A  section  of  the  piston  most  commonly  used  in  condensing  engines  is 
exhibited  in  fig.  183.  The  lower  face  of  the  piston  is  fixed  to  the  rod  d  d, 
and  the  upper  fistce  is  capable  of  being  raised  up  upon  the  rod  d.  Hemp 
moisteiied  with  tallow,  called  packing,  is  introduced  round  the  interstice 
at  C  E,  which,  when  the  upper  plate  D  D  is  screwed  down  by  the  screw 
at  E  E,  is  forced  outwards  agsunst  the  sides  of  the  cylinder,  so  as  to  render 
it  perfectly  steam-tig^t.  As  it  wears  by  the  friction  ag^nst  the  cylinder, 
more  must  be  forced  out  by  tightening  the  screws;  and  when  entirely  worn, 
the  plate  d  d  must  be  raised  and  the  piston  fresh  packed. 

This  construction  of  the  piston  answers  perfectly  for  condensing  engines; 
but  in  high-pressure  engines  the  hemp  is  destroyed  so  rapidly  by  the  heat 
and  friction,  that  pistons  formed  entirely 'of  metal  have  been  introduced 
with  adranta^ 

The  top  new  of  one  kind  of  metallic  piston  is  represented  at  fig..  184. 
.A  A  A  A  is  a  ring  of  brass  divided  into  four  equal  disconnected  portions, 
resting  upon  the  plate  B  B,  which  is  affixed  to  the  piston-rod  dd^  sa  seen 
in  ^.  185;  the  portions  of  the  ring  are  forced  outwards  against  the  sides  of 
the  cylinder  by  springs  of  any  convenient  form  pressing  from  the  piston-rod 
D.  Ai,  in  ^.  185,  represents  a  side  view  of  a  similar  rinr,  similarly  di- 
vided. Its  portions  are  placed  upon  the  ring  last  described,  so  that  the 
divisions  fiJl  upon  the  centres  of  the  other  four  pieces,  and  are  forced 
agunst  the  sides  of  the  cylinder  in  like  manner  by  springs,  and  the  plate 
C  C  is  placed  over  the  whole.  The  upper  and  the  lower  sides  of  the  plate 
and  rings  are  all  carefully  ground,  so  as  to  fit  steam-tight.  This  form  of 
piston,  though  it  has,  in  some  cases,  been  used  for  a  considerable  time  with 
advantage,  is,  upon  the  whole,  defective,  as  the  rings  near  the  interstices 
betweevi  the  segments,  must  open  and  allow  the  steam  to  gain  access  to  the 
bterior  where  Uxe  springs  lie,  and  from  thence,  through  similar  interstices, 
to  the  other  side  of  the  piston. 

A  metallic  piston  of  a  better  construction  is  shown  at  fig.  186,  consisting 
of  ux  pieces  of  brass  of  theforms  represented  in  the  figure^  by  A  B  C  D  £  F. 
ABC  are  circular,  and  are  made  to  fit  the  inside  of  the  cylinder,  against 
which  they  are  forced  by  the  wedge  pieces  DBF,  which  have  springs  be- 
hind them.  When  ABC  wear  so  as  to  divide  at  the  angles,  the  wedge 
pieces  protrude  themselves  against  the  cylinder,  keeping  the  space  always 
filled.  These  pistons  have,  in  some  cases,  been  used  for  many  years  with- 
out requiring  alteration. 

Having  now  duly  considered  the  construction  of  the  cylin- 
der, or  seat  of  motion,  and  the  means  of  distributing  the 
operative  power  so  as  to  produce  a  reverting  rectilinear  ac- 
tion, we  shall  next  proceed  to  exhibit  the  manner  in  which 
this  action  is  transferred,  so  as  to  maintain  its  continuance. 

The  movement  of  a  four*way  cock  may  be  accomplished  by  a  plug-tree, 
which  is  a  perpendicular  rod  attached  to  the  beam  of  the  engine  as  repre- 
sented in  fig.  1 87.  O  P  are  two  studs  or  pins  phiced  at  such  a  distance  from 
each  other,  that  the  upp^  one>  O,  shall  force  the  handle  N  to  the  situation  of 
Ni,  just  as  the  piston  shall  have  reachedthe  lower  part  of  the  cylinder,  and 
the  pin  P  is  so  placed  that  it  shall  carry  the  handle  to  its  original  situation  at 
the  time  when  the  piston  is  again  to  change  its  direction.     But  the  plug-tree 

A. 


Digitized  by 


Google 


178  THE  OPERATIVE  MECHANIC 

is  now  8«Uom  used  in  engines  ttaatt  hare  arotatiremotion}  and  where  there 
is  no  rotatiTe  motion,  the  engines  are  mostly  nngle  action,  and  are  applied 
only  to  the  purpose  of  pumping,  in  which  the  power  is  only  required  to 
be  exerted  whiUt  the  piston  is  descending. 

Iq  engines  for  turning  mill-work,  where  a  rotatory  motion 
exists,  the  action  is  given  to  the  spindle  valves,  sliding  valves, 
or  what  ever  apparatus  is  used  for  the  same  object,  by  means 
of  a  rod  working  from  the  axis  of  the  fly-wheel  by  an  eccen- 
trie  motion. 

In  Bg.  188,  the  small  circle  is  supposed  to  be  a  section  of  the  fly-wheel 
shaft,  and  B  a  circular  piece  on^the  shaft,  round  which  the  clips,  or  semi- 
circular pieces,  C  C,  are  fiistened,  so  that  B  can  turn  on  them,  therefore 
when  the  revolving  of  the  shaft  A  carries  B  to  the  situation  of  the  dotted 
circle  B 1,  it  is  plain  that  it  will  have  forced  the  rod  in  an  horizontal  direc- 
tion the  distance  from  the  centre  of  A  to  B  i,  and  when  in  the  course  of  its 
revolution  it  shall  have  brought  B  to  the  situation  B',  it  will  have  moved 
it  a  similar  distance  in  a  con&ary  direction,  consequently  the  total  amount  . 
of  the  horizontal  motion  thus  communicated  to  the  rod  DEE  will  be  the 
amount  of  the  distance  from  B  i  to  B3.  The  horizontal  is  converted  into 
a  perpendicular  motion  by  the  crank  A  ^  t  raising  and  lowering  the  rod  K, 
upon  which  the  slide  box  or  D  valves  is  fixed. 

The  method  for  moving  the  rods  of  concentric  valves  is  represented  in 
fig.  182**  E  is  the  rod  fVom  the  eccentric  motion,  which,  by  its  backward 
and  forward  moUon,  moves  the  ends //of  a  T  piece,  fastened  on  the  centre 
O,  and  causes  them  to  move  alternately  upwards  and  downwards,  opening 
and  shutting  each  pair  of  valves  as  before  described. 

Fig.  190  represents  a  mode^  applicable  to  large  en^nes,  of  moving  either 
D  valves  or  fiides  from  aa. eccentric.  A  B  is  an  iron  plate,  capable  of 
vibrating  upon  its  centre  H{  F  is  a  rod  from  the  eccentric,  moving  the 
weight  C  upon  a  roller  over  the  surfiu^e  of  A  B.  The  latch  pieces  D  D  i 
move  upon  two  pins,  and  are  prevented  falling  forwards  by  the  stops  M  N. 
The  rod  of  the  valves,  shown  at  e,  is  attached  by  the  lever  P  H  to  the  shaft 
from  the  centre  H.  The  two  stops^  I  and  G,  support  A  B  in  the  two  pod- 
tions  shown,  the  one  in  the  view,  the  other  by  the  dotted  lines.  When  tiie 
rod  F  moves,  it  carries  C  towards  A  by  the  eccentric  motion,  and  C,  acting 
on  the  same,  raises  the  latch  P,  and  permits  the  end  A  of  A  B  to  fall,  whilst 
the  end  B,  in  rising,  latches  itself  tat  D  i ,  shown  in  the  dotted  representation 
of  A  B»  By  this  motion  H  P,  on  the  same  axis  H,  is  moved  downwards, 
carrying  with  it  the  rod  B  attached  to  the  sUdes;  uid  the  motion  of  C,  in- 
stantly chan^ng  towards  F,  acts  upon  the  other  latch  D  i,  and  places  the 
slides  in  their  former  position. 

As  the  beam  of  all  engines  vibrates  upon  a  centre,  of 
course  it  performs  portions  of  a  circle  with  each  of  its  extre- 
mities ;  and  as  the  rod  of  the  piston  is  required  to  move  up 
^  and  down  in  a  straight  line,  it  cannot  be  attached  to  the  end 
of  the  beam.  In  single  engines  of  the  old  construction^  wbete 
the  action  was  a  pull  at  both  ends  of  the  btam,  (at  the  one 
end  by  the  weight  of  the  pump-rod,  and  at  the  other  by  the 
down  stroke  of  the  piston,)  a  chain  was  fixed  to  the  upper 
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part  of  each  of  the  curved  ends  of  the  beam,  and  to  the  pomp 
and  piston  rods,  as  represented  in  fig*  170,  which  answered 
the  required  purpose ;  but  in  double-acting  engines,  where 
the  piston-rod  forces  upwards  as  well  as  pulls,  some  other 
mode  of  converting  the  action  is  required.  The  most  perfect 
jet  introduced  is  the  parallel  motion,  the  principle  of  which 
OMjr  be  comprehended  by  referring  to  fig.  191.    ^ 

Suppose  A  B  to  represent  one  end  of  a  beam^  vibrating  on  its  centre  at 
Ay  the  other  end  B  will  perform  the  arc  C  C  i»  and  carry  whatever  is  at- 
tached to  it  in  the  direction  of  that  arcf  then  suppose  another  rod,  G  H, 
of  e^usl  len^  to  A  B,  vibrating'  on  its  centre  Q,  the  point  in  ^e  con* 
necting  piece,  L  H,  will,  by  the  vibrations  of  A  B  and  H  G,  move  upwards 
and  downwards  in  a  perpendicular  line.  For  so  much  as  the  curve  from 
the  radius  A  B  draws  it  towards  A,  so  much  will  the  curve  of  the  radius  H 
G  draw  it  towards  G,  and  the  movements,  correcting  each  other,  will  cause 
I  to  rise  and  fidl  in  a  perpendicular  line. 

A  more  simple  mode,  which  answers  very  well  in  small  engines,  is  repre- 
sented in  fig.  192.  The  sling  piece  attached  to  the  end  of  the  beam  has  a 
pair  <^  rollers,  one  on  each  side,  which  press  on  each  side  of  the  guiding^ 
iMuv  D  D  D  D,  and  carry  the  piston,  attached  at  C,  in  a  perpeiSlieular 
fine. 

All  Steam  engines  are  proportioned  to  go  at  a  settled 
rate,  and  to  make  a  certain  number  of  strokes  of  the  piston 
per  minute,  which,  reckoning  the  number  of  feet  the  piston 
travels  in  its  upward  and  downward  motion  in  the  cylinder, 
has  been  by  general  agreement  settled  at  200  to  220  feet  per 
minute. 

To  obtain  this  regularity  of  action,  it  is  manifest  that  a, 
regularity  must  be  obtained  in  the  amount  of  power  that  is  to 
produce  the  movement ;  or,  in  other  words,  a  regular  amount, 
of  elastic  force  must  be  exerted  at  each  stroke  of  the  piston.. 
This  is  somewhat  difficult  to  accomplish,  and  depends  much, 
upon  keeping  the  fire,  which  generates  the  steam,  of  a  uni- 
form heat ;  consequently  the  care  of  the  fire  should  only  be. 
intrusted  to  one  who  is  well  skilled  in  his  business.  There- 
are,  however,  contrivances,  called  governors,  which  greatly, 
assist  in  maintaining  a  regular  action,  and  where  very  great 
nicety  is  not  required,  they  produce  it  to  a  sufficient  extent*. 

The  governor,  (which  we  have  already  described  under  th#v 
article  ''  On  the  JE^^izaiion  of  Motion,''  in  Mill-geering,) 
acts  upon  the  principal  of  centrifugal  force,  and  is  applican 
ble  only  to  engines  that  have  a  rotative  motion. 

The  mode  of  applying  the  governor  is  by  connecting  it  by 
means  of  levers  to  a  throttle  valve,  shown  in  fig.  193.  A  B 
represents  a  section  of  the  pipe  that  conveys  the  steam  from 
the  boiler,  having  asmali  circular  fan  of  iron,  capable  of  being 
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turned  so  as  to  be  parallel  with 'the  line  of  the  pipe,  or 
of  lying  across  it  in  such  a  manner  as  to  stop  the  com- 
munication. 

The  governor  is  placed  at  any  convenient  part  of  the  engine, 
upon  an  upright  spindle,  and  is  driven  either  by  a  band  or  by 
bevil-wheels,  from  the  fly-wheel  shaft.  When  the  fly-wheel 
increases  or  decreases  in  velocity  it  transmits  the  same  to  the 
governor,  and  causes  the  balls  to  fly  from,  or  approach  nearer 
to,  each  other ;  and  the  lever  affixed  to  the  collar  of  the  go- 
vernor turns  the  handle  C  of  the  throttle  valve,  which  regu- 
lates the  supply  of  steam,  and  produces  regular  motion. 

In  single-acting  engines,  which  do  not  create  rotative 
motion,  this  sort  of  governor  cannot  be  applied,  nor  is  it  de- 
cidedly adapted  to  the  sort  of  regulation  they  want;  for  as 
they  act  only  one  way,  and  the  steam  being  entirely  shut  off 
at  the  end  of  every  stroke,  it  is  a  regulation  of  the  amount 
of  power  to  b^  exerted  at  every  interval  which  is  sought, 
rather  than  a  continuous  equable  supply  of  steam. 

This  sort  is  most  wanted  in  engines  that  supply  towns  with 
water,  as  when  the  difierent  districts  are  being  supplied,  the 
diversity  of  their  magnitude  and  situation  causes  a  conside- 
rable variation  in  the  burden  thrown  upon  the  engine.  lo 
engines  used  for  this  purpose  there  are  two  pieces  of  wood, 
called  spring-beams,  placed  across  each  end  of  the  beam, 
which,  when  the  burden  is  lightened,  and  the  engine  makes 
too  long  a  stroke,  strike,  as  they  descend,  the  upper  floor  of 
the  engine-house  and  ring  a  bell,  to  warn  the  attendant  that 
steam  must  be  shut  ofi*  earlier,  or  that  the  upper  tapit  of  the 
plug-tree  must  be  moved  downwards.  In  engines  of  recent 
construction,  the  spring-beams  are  made  to  strike  a  lever, 
which  either  shuts  ofi*  the  steam  entirely,  or  opens  a  cock 
that  admits  it  into  the  cylinder :  in  either  case  the  movement 
of  the  engine  ceases. 

The  regulation  of  the  plug-tree  tapit  is  obtained  by  intro- 
ducing a  pipe  from  the  water  in  the  air-vessel  to  a  small 
cylinder,  having  a  working  piston.  The  water  from  the  air- 
vessel  forces  against  the  under  side  of  the  piston  and  raises 
it  and  its  rod,  and  by  that  motion  the  tapit  of  the  plug-tree 
is  raised  or  lowered  as  is  required.  This  mode,  from  error 
in  construction,  or  otherwise,  has  mostly  proved  inefficient 
when  the  burden  of  the  engine  is  liable  to  great  and  rapid 
fluctuations. 

Such  is  the  general  construction  of  engines  now  in  use : 
but  there  are  many  ingenious  contrivances  in  boilers  which 
require  special  notice. 


Digitized  by 


Google 


AND  MACHINIST.  181 

Pig.  194  represents  a  boiler  fitted  up  with  all  the  appendages  now  gene- 
rally applied  and  set  in  a  furnace  of  a  proper*  construction.  Part  of  the 
furnace  is  shown  in  a  sectional  view.  B  B  B  B  the  boiler,  the  operation  of 
which  has  be^  described.  C,  the  steam-gaug^,  represented  at  large  in  fig. 
195.  its  object  is  to  ascertain  the  pressure  acting  in  the  boiler.  It  is  form- 
.  ed  of  a  bent  iron  tube,  at  one  end  A  communicating  with  the  boiler,  and  at 
the  other  end  B  open  to  the  atmosphere.  The  tut^  is  filled  up  to  C  and  D  , 
with  mercury,  and  has  a  thin  piece  of  stick,  E,  placed  in  the  leg  B,  which 
floats  perpendicularly  in  the  mercury  at  D.  To  the  leg  B  is  appended  a  flat 
piece  of  brass,  divided  into  inches,  and  numbered  upwards,  to  form  a  scale. 
The  stick  is  made  of  such  length  that  the  top  of  it  shall  be  evenNrith  the 
first  mark  on  the  scale. 

If  the  Steam  in  the  boiler  presses  against  the  mercury  at 
C,  and  raises  the  surface,  D,  one  inch,  (which  will  be  indi- 
cated by  the  end  of  the  stick  rising  to  1  upon  the  scale,)  it 
proves  that  there  is  one  half  pound  pressing  per  square  inch 
against  the  internal  surface  of  the  boiler,  tending  to  burst 
it;  for  if  the  section  of  the  bore  of  the  pipe  was  just  one  su- 
perficial inch,  the  pressure  would  be  supporting  one  cubic 
inch,  of  mercury,  which  will  be  found  to  weigh  near  half 
a  pound ;  therefore  for  every  two  inches  rise,  one  pound 
pressure  may  be  reckoned,  and  as  condensing  engines  sel- 
dom work  with  more  than  three  or  four  pounds  pressure  up- 
on the  inch,  the  scale  need  not  be  longer  than  eight  or  nine 
inches. 

C 1  is  a  strong  iron  plate,  covering  a  circular  or  oval  hole  of  about  18 
inches  diameter,  to  admit  a  man  into  the  boiler  with  a  view  to  clean  or  ex- 
amine it 

D  is  the  steam  pipe,  containing  the  throttle  valve  £,  to  which  the  rod  from 
the  governor  is  connected.  F  F  are  gauge  cocks.  II  is  a  feed  pipe  which 
passes  into  the  boiler  and  reaches  very  near  to  the  bottom.  H  H  H  H  the 
cistern,  on  the  top  of  the  feed  pipe ;  t »  is  a  float,  formed  of  stone,  and  balan- 
ced so  as  to  remain  always  on  the  surface  of  the  water  in  the  boiler.  By  the 
raising  and  falling  of  the  water  the  float  acts  upon  the  lever  K  Ki  by  the 
wire  13,  which  passes  through  a  steam-tight  joint  at  1 4,  and  as  the  water 
sdnks,  draws  down  the  end  K  which  raises  K  i ,  and  the  valve  M  attached  to 
it.  Bv  tiiis  contrivance  when  the  boiler  requires  a  fresh  supply  of  water 
the  valve  M  oi>ens  and  supplies  it  from  the  cistern  H  U  U  U. 

The  feed  pipe  I  I  is  ipade  to  contain  a  column  of  water  equal  to  the 
amount  of  pressure  exerted  by  the  steam  in  the  boiler,  which  we  have  , 
already  stated  should  not  exceed  the  supporting  of  eight  inches  of  mercury. 
As  <me  inch  of  mercury  being  equal  in  weight  to  about  13^  inches  of  water, 
the  pipe  should  be  about  nine  feet  high  from  the  surface  of  the  water  when 
the  boiler  is  supplied  ;  and  the  water  in  the  feed  pipe  should  stand  about 
three  feet  when  the  pressure  is  six  inches  of  mercury,  or  three  pounds  to 
the  square  inch  of  surfoce. 

The  feed  pipe  contams  likewise  an  iron  bucket  weight  O,  hung  by  a  chain 
that  passes  over  two  pullies,  P  P ;  to  the  other  end  of  the  chain  is  attached  a 
sheet  of  iron  called  a  damper.  When  the  steam  in  the  boiler  is  urged  to  too 
greit  an  extent,  it  forces  the  water  in  the  feed  pipe  upwards,  and  raises  the 
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iron  btti^et  weiglit  O,  which  lowers  tlie  damperinto  the  flue  of  the 
«nd  checks  ih»  force  of  the  fire. 

S  is^  safety  yalve»  loaded  with  a  determinate  weight,  and  of  such  a  dimen- 
sion in  the  bore,  as  will  relieve  the  boiler  of  its  pressure  should  it  airiTe  be- 
yond a  certain  temperature.  It  is  enclosed  in  a  case,  to  prevent  the  engine 
tender  having  acceastoit,  as  some  engine  tenders  have  been  known  to  load 
the  safety  vah^e%  to  save  themselves  the  trouble  of  attending  to  the  fire  with 
that  diligence  which  is  necessary,  and  by  which  they  nave  endangered 
tibeir  own  lives  as  well  as  the  lives  of  others. 

A  {Mpe  prooeeds  fixnn  this  case  to  the  chimney,  to  cany  whatever  steam 
may  escape  into  the  flue  of  the  chimney. 

There  is  very  frequently  anbther  safety  valve,  which  b  open  to  the  view 
of  the  engine  tender,  to  indicate  when  the  fire  is  too  high. 

T  T  is  a  flue  formed  of  sheet  iron,  and  passing  leng^wise  through  the 
centre  of  the  boiler  so  n^  the  bottom  that  it  is  uways  covered  with  water. 

The  flame  and  smoke  m>m  the  fire  at  n  n  passes  first  under  thebcnler, 
and  then  immediately  returns  back  through  this  flue,  then  dividing^  itself, 
passes  through  flues  which  lead  it  on  both  ndes  the  boiler  to  the  chimney. 

V  is  a  cock  for  the  purpose  of  emptying  the  boiler  when  required  to  be 
cleaned  or  repaii^ed. 

Such  is  the  construction  and  general  arrangement  of  the 
parts  of  Messrs  Boulton  and  Watt's  engines,  both  single  and 
reciprocating.  We  shall  now  proceed  in  the  examination  of 
some  other  forms  of  engines  which  likewise  condense  their 
steam. 

Mr  Homblower,  conceiving  he  could  obtain  greater  power 
from  the  communicated  force  of  steam  acting  in  two  cylin- 
ders, obtained  a  patent,  in  1781,  for  that  object.  His  own 
account,  taken  from  the  specification,  we  here  transcribe. 

<<  First,"  sajs  Mr  H.  <<  I  use  two  vessels,  in  which  tbe 
steam  is  to  act,  and  which  in  other  engines  are  called 
cylinders.  Secondly,  I  employ  the  steam  after  it  has  acted 
in  the  first  vessel  to  operate  a  second  time  in  the  other,  by 
permitting  it  to  expand  itself,  which  I  do  by  connecting  the 
vessels  together,  and  forming  proper  channels  and  apertores, 
whereby  the  steam  shall  occasionally  go  in  and  out  of  the  said 
vessels.  Thirdly,  I  condense  the  steam,  by  causing  it  to 
pass  in  contact  with  metalline  surfaces,  while  water  is  applied 
to  the  opposite  side.  Fourthly,  to  dischi^rge  the  engine  of 
the  water  used  to  condense  the  steam,  I  suspend  a  coiuoui 
of  water  in  a  tube  or  vessel  constructed  for  that  purpose,  on 
the  principles  of  the  barometer,  the  upper  end  having  open 
communication  with  the  steam  vessels,  and  the  lower  end 
being  immersed  in  a  vessel  of  water.  Fifthly,  to  discharge 
^he  air  which  enters  the  steam  vessels  with  the  condensing 
water  or  otherwise,  I  introduce  it  into  a  separate  vessel, 
whence  it  is  protruded  by  the  admission  of  steam.  Sixthly, 
that  the  condensed  vapour  shall  not  remain  in  the  steam 
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vessel  in  which  the  steam  is  condensed,  1  collect  it  into  an- 
other vessel,  which  has  open  communication  with  the  steam 
vessels  and  the  water  id  the  mine,  reservoir,  or  river. 

**  Lastly,  in  cases  where  the  atmosphere  is  to  be  employed 
to  act  on  the  piston,  I  use  a  piston,  so  constructed  as  to 
admit  steam  round  its  periphery,  and  in  contact  with  the  sides 
of  the  steam  vessel,  thereby  to  prevent  the  external  air  from 
passing  in  between  the  piston  and  the  sides  of  the  steam 
vessel.*^ 


The  fbOowing  is  a  description  of  this  enrine  hy  the  inventor :  **  Ijtt  A 
and  B>  fig.  196,  represent  two  cylinders,  of  which  A  is  the  largest)  a  piston 
moves  in  each,  having  their  rods,  0  and  D,  moving  through  collars  at  E 
and  F.  These  cylinders  may  be  supplied  with  steam  from  the  boiler  by 
means  of  a  square  pipe  G,  which  has  a  flanch  to  connect  it  with  the  rest  of 
the  steam  pipe.  This  square  part  is  represented  as  branching  off  to  both 
cyfinders:  e  and  d  are  two  cocks,  which  have  handles  and  tumblers  as 
usiia],  worked  by  the  plug-beam  W.  On  the  fore  side  of  the  cylinders, 
(that  is,  the  side  next  the  eye,)  is  represented  another  communicating  pipe, 
whoae  section  is  also  square,  or  rectangular,  having  also  two  cocks,  a,  b. 
The  pipe  T,  immediately  under  the  cock  b,  estabhshes  a  conmiunication 
between  the  upper  and  lower  parts  of  the  small  cylinder  B,  by  opening 
the  cock  b.  There  is  a  similar  pipe  on  the  other  side  of  the  cylinder  A« 
immediately  under  the  cock  d. 

**  When  the  cocks  e  and  a  are  open,  and  the  cocks  b  and  d  are  shut,  the 
steam  from  the  boiler  has  free  admission  into  the  upper  part  of  the  small 
cylinder  B;  and  the  steam  from  the  lower  part  of  B  has  free  admission  into 
the  upper  part  of  the  great  cylinder  A;  but  the  upper  part  of  each  cylinder 
has  no  communication  with  its  lower  part. 

"  From  the  bottom  of  tlie  g^reat  cylinder  proceeds  the  eduction  pipe  K, 
hftidng  a  valve  at  its  opening  into  the  cyUnder;  it  then  bends  downward, 
and  is  connected  with  the  conical  condenser  L.  The  condenser  is  fixed  on 
a  hollow  box  M,  on  which  stand  the  pumps  N  and  O,  for  extracting  the  air 
and  water,  which  last  runs  along  the  trough  T  into  a  cistern  U,  from  which 
it  is  nosed  by  the  pump  V,  for  recnuting  the  boiler,  being  already  nearly 
boiling  hot  Immediately  under  the  condenser  there  is  a  spigot  valve  at 
8»  over  which  is  a  small  jet  pipe,  reaching  to  the  bend  of  the  eduction  pipe 
K.  The  whole  of  the  condensing  apparatus  is  contained  in  a  cistern,  R,  of 
cold  water ;  a  small  pipe,  P,  comes  mm  the  nde  of  the  condenser,  and  ter- 
nunates  on  the  bottom  of  the  trough  T,  and  is  there  covered  with  a  valve, 
U»  whidi  is  kept  tight  by  the  water  that  is  always  running  over  it. 

''Lastly,  the  pump-rods,  H,  cause  the  outer  end  of  the  beam  to  prepon- 
derate, so  that  the  quiescent  position  of  the  beam  is  that  represented  in  the 
figure,  the  pistons  being  at  the  top  of  the  cylinders. 

**  Suppose  all  the  cocks  open,  and  steam  coming  in  copiously  from  the 
boiler,  and  no  condensation  going  on  in  JL,  the  steam  must  drive  out  all 
the  air,  and  at  last  follow  it  through  the  valve  Q.  Now  shut  the  cocks  b 
and  df  and  open  the  valve  S  of  the  condenser ;  the  condensation  will 
immediately  commenee,  and  draw  off  the  steam  from  the  lower  part  of  the 
great  cylinder.  There  is  now  no  pressure  on  the  under  ude  of  the  piston 
of  the  great  cylinder  A,  and  it  immediately  descends.  The  communication, 
Y,  between  tiie  lower  part  of  the  small  cylinder,  B,  and  the  upper  part  of 
the  g^reat  cylinder.  A,  being  open,  the  steam  will  TOfrom  the  lower  part  of 
B  into  the  space  left  by  the  descent  of  the  piston  of  A.    It  must,  therefore. 
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expand,  and  its  elasticitj  must  diminish,  and  will  no  longer  balance  the 
pressure  of  the  steam  coming  from  the  boiler,  and  pressing  above  the  piston 
of  B.' 

*'  This  piston,  therefore,  if^iot  withheld  by  the  beam,  would  descend  till 
it  came  in  equilibrio,  from  having  steam  of  equal  density  above  and  below 
it  But  it  cannot  descend  so  fast;  for  the  cylhider  A  is  larger  than  B,  and 
the  arch  of  the  beam,  at  which  the  g^eat  piston  is  suspended,  is  no  longer 
than  the  arm  which  supports  the  piston  of  B;  therefore,  when  tiie  piston 
of  B  has  descended  as  far  as  the  bean^  will  permit  it,  the  steam  between  the 
two  pistons  occupies  a  larger  space  than  it  did  when  both  pistons  were  at 
'  the  top  of  their  cylinders,  and  its  density  diminishes  as  its  bulk  increases. 
The  steam  beneath  the  small  piston  is,  therefore,  not  a  balance  for  the  steam 
on  the  upper  side  of  the  same,  and  the  piston  B  will  act  to  depress  the 
beam  with  all  the  difference  of  these  pressurefi. 

"The  slightest  view  of  the  subject  must  show  the  reader,  that  as  the 
pistons  descend,  the  steam  that  is  between  them  will  grow  continually  rarer 
and  less  elastic,  and  that  both  pistons  wiH  draw  the  beam  downwards. 
Suppose  now,  that  each  one  had  reached  the  bottom  of  its  cylinder,  shut  the 
cock  0,  and  the  eduction  valve  at  the  bottom  of  A,  and  open  the  cocks  b 
and  d.  The  communication  being  now  established  between  the  upper  and 
lower  part  of  each  cytindeiv.their  pistons  will  -be  pressed  equally  on  tiie 
upper  and  lower  surfaces;  in  this  situation' nothing,  therefore,  hinders  the 
counterweight  from  raising  the  pistons  to  the  top.  ' 

**  Suppose  them  arrived  at  the  top:  the  cylinder  B  is  at  Ihis  time  filled 
with  steam  of  the  ordinary  density,  and  the  cylinder  A  with  an  equal 
absolute  quantity  of  steam,  but  expanded  into  a  larger  space.  Shut  the 
cocks  b  and  d^  and  open  the  cock  a,  and  the  eduction  valve  at  the  bottom 
of  A,  the  condensation  will  agun  operate,  and  cause  the  pistons  to  descend; 
and  thus  the  operation  may  be  repeated  as  long  as  steam  is  supplied;  and 
once  full  of  the  cylinder  B  of  onlinary  steam,  is  expended  during  each 
working  stroke.** 

The  cocks  of  this  engine  are  composed  of  two  flat  circular 
plates,  ground  very  true  to  each  other,  and  one  of  them  turns 
round  on  a  pin  through  their  centres  :  each  is  pierced  with 
three  sectorial  apertures,  exactly  corresponding  with  each 
other,  and  occupying  a  little  less  thfin  one-halfof  their  surfa- 
ces. By  turning  the  movable  plate  so  that  the  apertures  co^ 
incide,  a  large  passage  is  opened  for  the  steam ;  and  by  turning 
it  so  that  the  solid  part  of  the  one  covers  the  aperture  of  the 
other,  the  cock  is  shut.  Such  regulators  are  now  very  com- 
mon in  the  cast-iron  stoves  for  warming  rooms.  Mr  Horn- 
blower^s  contrivance  for  'making  the  collars  for  the  piston 
rods  air-tight  is  thus  :  the  collar  is  in  fact  two,  placed  at  a 
small  distance  from  each  other,  and  a  small  pipe,  branching 
off  from  the  steam  pipe,  communicates  with  the  space  between 
the  collars.  This  steam,  being  a  little  stronger  than  the 
pressure  of  the  atmoapbere,  effectually  prevents  the  air  from 
penetrating  through  the  upper  collar;  and  though  a  little 
steam  should  get  through  the  lower  collar  into  the  cylinder 
A,  it  can  do  no  harm.    The  manner  of  making  this  stuffing- 
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box  is  as  follows:  on  the  top  of  the  cylinder  is  a  box  to 
contain  something  soft,  yet  pretty  close,  to  embrace  the 
piston-rod  in  its  motion  up  and  down;  and  this  is  usually  a 
sort  of  plaited  rope  of  white  yarn,  nicely  laid  in,  and  rammed 
down  gently,  occupying  about  a  third  of  its  depth ;  upon  that 
is  placed  a  sort  of  tripod,  having  a  flat  ring  of  brass  for  its 
upper,  and  another  for  its  lower  part ;  and  these  rings  are  in 
breadth  equal  to  the  space  between  the  piston-rod  and  the 
side  of  the  box.  This  compound  ring  being  put  pn  over  the 
end  of  the  piston-rod,  another  quantity  of  this  rope  is  to  be 
put  upon  it,  and  gently  rammed  as  before  ;  then  there  is  a 
.  hollow  space  left  between  these  two  packings,  and  that  space 
is  to  be  supplied  with  strong  steam  from  the  boiler.  Thus 
is  the  packing  about  the  piston-rod  kept  in  such  a  state  as 
to  prevent  the  air  from  entering  the  cylinder  when  at  any 
time  there  may  be  a  partial  vacuum  above  the  piston. 

Mr  Hornblower's  description  of  this  engine  was  followed 
by  a  mathematical  investigation  of  the  principles  of  its  action, 
by  the  ingenious  Professor  Robison,  which  demonstrates  that 
it  is  the  same  thing  in  eflect  as  Mr  Watt's  expansion  engine ; 
but  though  this  is  true,  there  is  a  considerable  difference  in 
the  steps  by  which  the  effect  is  attained,  which  gives  an  im- 
portant advantage  when  it  is  reduced  to  practice.  We  shall 
give  an  investigation  in  a  more  popular  form,  using  only  com- 
mon arithmetic.  Mr  Hornblower  assumed,  that  the  power 
or  pressure  of  steam  is  inversely  as  the  space  into  which  the 
steam  is  expanded ;  this  is  the  case  with  air,  and  for  the  pre- 
sent we  will  grant  it  to  be  so  with  steam,  and  reason  from 
the  same  data  as  the  ingenious  inventor  gives  us. 

To  explain  clearly  what  passes  in  the  two  cylinders,  we 
most  deviate  from  the  precise  form  of  the  engine,  and  divest 
ourselves  of  one  complication  of  ideas,  by  reducing  both  cy- 
linders to  the  same  stroke ;  therefore,  suppose  the  engine 
to  be  made  like  fi^.  197,  which  represents  the  two  cylinders 
placed  one  upon  the  other,  the  lower  one  being  double  the 
capacity  of  the  upper  one,  and  both  pistons  being  attach- 
ed to  the  same  rod,  which  may  be  applied  to  the  end  of  the  ' 
beam,  so  that  the  descent  of  the  pistons  must  draw  up  the 
load  at  the  opposite  end  of  the  beam. 

Then,  if  we  suppose  the  small  piston  to  be  ten  inches  in 
diameter,  the  great  piston  must  be  14,14  inches;  and  to 
avoid  all  difficulties  of  the  ratio  of  the  expansion,  and  the 
pressure  of  steam,  we  will  suppose  the  engine  to  be  worked 
by  the  pressure  of  atmospheric  air  instead  of  steam  ;  and  for 
the  convenience  of  round  numbers  in  our  calculation  we  will 
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consider  the  pressure  at  only  ten  pounds  per  circular  inch 
on  the^sorface  of  the  piston. 

.The  area  of  the  small  piston  will  be  100  circular  inches, 
and  being  assumed  to  move  without  friction,  the  pressure  up- 
on it  will  be  10  X  100  =  1000  pounds.  The  area  of  the 
great  piston  is  twice  as  much,  or  200  circular  inches,  and  the 
pressure  ^000/pounds. 

Suppose  both  pistons  to  be  at  the  top  of  their  respective 
cylinders ;  let  the  atmospheric  air  be  admitted  to  press  freely 
upon  the  upper  surface  of  the  small  piston;  and  suppose  the 
space  between  the  two  pistons  filled  with  air  of  the  same 
density,  while  there  is  a  perfect  vacuum  made  in  the  lower 
part  of  the  great  cylinder,  beneath  its  piston. 

Under  these  circumstances,  the  two  pistons  will  begin  to 
descend  with  something  less  than  2000  pounds  of  pressure  on 
the  great  piston,  by  the  air  contained  in  the  space  between 
the  two  pistons  bearing  on  the  200  inches  of  surface  with  a 
weight  of  10  pounds  per  inch  ;  and  beneath  this  piston  there 
is  nothing  to  counteract  the  f>re86ure.  At  the  same  time, 
the  small  piston,  having  air  of  equal  density  above  and  be- 
low it,  is  in  equilibrio.  .  . 

This  force  would  balance  a  load  of  2000  pounds;  but  sup- 
pose we  diminish  the  load  to  1900  pounds,  then  the  pistons 
will  immediately  begin  to  descend  ;  but  they  will  soon  stop, 
because  the  air  between  the  two  pistons  must  expand  itself, 
to  fill  the  increasing  space  occasioned  by  the  equal  descent 
of  both  pistons  in  the  cylinders,  one  of  which  is  twice  the 
area  of  the  other ;  and  as  the  air  becomes  rarer,  its  pressure 
on  the  great  piston  must  diminish.  Now  as  this  same  dimi- 
nution occasions  the  small  piston  to  have  a  power  of  descent, 
we  will  first  consider  the  pistons  separately,  and  then  con- 
jointly, in  their  power  of  descent,  with  which  they  draw  down 
the  beam. 
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Jkicmding  power  of  the 
great  pUton. 

lbs. 
At  first  the  power  wiD  be  2000 

Ib  ooasequence  of  tlu)  pres- 
wan  of  10  pounds  per  circular 
iBcb  upon  fta  upper  surface, 
9m4  bo  pressure  beneatta. 
At  one-fourth  of  the  de- 
scent, the  pHOwer  will 
bare    duninished,    by 


De$cmdine  power  of  the 
emaSpieton. 

At  first  the  power  will  be 
Because  the  piston  is  in  equi- 

librio,    having   1000    pounds 

pressing  upwards,  and   1000 

pounds  downwards. 

At  one-fourth,  the  power 

will  be 

Because  the  equilibrium  does 

not  continue,  and  at  one-fourth 


regular  decreiQents,  to  1600   ©f  the  deseent  the  nressuie  be- 


Becanse  the  air  between  the 
two  pisions  most  occupy  three- 
faurths  of  the  small  cylinder, 
and  one-fimrth  of  the  great  cy- 
linder, which  is  a  space  equal 
to  one  ani  ooe-fiMDth  ot  the 
original  space  which  it  filled; 
therefore  the  spaces  win  be  as 
5  to  4 ;  and  if  the  density  of 
air  Is  as  the  inverse  proportion 
or  the  space  which  it  occupies, 
ths  pressure  on  the  great  pis- 
tea  most  be  as  4  to  5,  or  four- 
ifthBof9D00=:16Q0. 
At  one-half  of  the  de- 
spent,  the  power  will 
haye  diminished  to  1333} 
Becaose  at  this  position  the 
afr  between  the  ptotons  occu- 
pies oae-half  of  the  small  cy- 
naderand  one-balf  of  the  great 
oas,  wlocb  is  a  space  equal  to 
soend  one-half  of  the  space 
it flOed originally.  Thespaces 
wiU  theiefcre  be  as  6  to  4,and 
the  pleasure  on  the  great  pis. 
loa  as  4  to  6,  or  two-thirds  of 
MM)  :=  13331^. 
At  three^oorths  of  the 
descent,  the  power 
will  be  only  1142f 

Because  the  air  must  now 
occupy  oDe^burth  of  the  naall 
cyttnder,  and  three-fourths  of 
toe  larye  cylinder,  which  is  a 
naoe  equal  to  one  and  three- 
teUis  of  the  original  space. 
Thus  the  spaces  wUI  be  as  7  to 
4,  and  the  pressure  on  the  great 
pkon  ftmr-sevenths  of  9000 
s  1143  6-7. 

At  the  bottom  of  the  cy- 
linder the  power  will 
be 

Because  the  air  must  occu- 
py the  whole  of  the  large  cy- 
hader,  a  space  eqpal  to  twice 
the  anall  cylinder  which  it  at 


neath  the  small  piston  is  re- 
duced 1^  the  expansion  of  tiie 
air  between  the  two  pistons 
to  four-fifths  of  1000  =  800 
while  the  pressure 
I  piston  continues  to 
be  1000.  "nie  power  is,  there- 
fore, 1000  —  800  =  900. 


Ibe, 


300 


Combined  powers  of 
botkptsUmS' 

lbs. 
At  first  -    .    -    2000 


At  one-fourth      1800 


At  one-half  of  the  de- 
scent the  power  will 
have  increased  to       -   333} 
Because  the  pressure  beneath 
is  diminished  by  the  increased 
rarity  of  the  air  to  two-thirds  of 
1000=  609  9-3,  whUe  the  down- 
ward pressure  continues  to  be 
1000.    The  power  is  therefore 
1000—6099^  =  3331-3. 


Atonehalf    -    1666| 


At  three-fourths  of  the 

descent,    the    power 

will  be     -    -    -    -    - 

Because  the  pressure  beneath 

is  reduced  by  the  rarity  of  the 

air  to  four-sevenths  of  1000  = 

571  3-7 :  therefore  the  power  is 

1000  —  571  3-7  =  488  4-7. 


428^ 


1000 


'  The  pressure  wHl 
thsKlbre  be  one-half  of  9000.  — 
Sum  of  the  powers  ex-*! 
erted  by  the  yrcatt  7076 
piston  in  its  descent  j 


At  the  bottom,  the  power 
win  be 500 

Because  the  air  beneath  the 
piston  is  reduced  to  one-half 
of  its  pressure,  or  500,  which, 
deducted  from  1000,  leaves  500 


Sum  of  the  powers  of?  ^^^ 
the  small  piston    -  5 


At  three-fourths  1571if 


At  the  bottom     1500 


the  T 
ned  ^ 

s.    3 


Sum  of  the 

combined  ^  8538 
powers. 
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Upon  the  action  of  this  engine  Dr  Rees,  in  his  Cyclopsedia, 
presents  us  with  the  following  remarks  and  comparative  state- 
ment between  it  and  Mr.  Watt's  principle  of  expansion. 

Now  let  us  consider  how  Mr  Watt's  principle  of  expan- 
sion would  operate  in  the  same  circumstance ;  that  is,  in  a 
cylinder  of  14,14  inches  diameter ;  which  is  to  be  supplied 
with  air  of  10  pounds  pressure  per  circular  inch,  until  it  has 
completed  one-half  of  its  descent,  and  leaving  the  remainder 
of  the  descent  to  be  accomplished  by  the  expansion  of  the 
air  already  contained  in  the  upper  half  of  the  cylinder. 

At  the  beginnings,  the  power  of  descent  will  be 2000 

At  one-fourth,  the  power  will  still  be 2000 

At  one-half,  the  power  will  be 2000 

At  three-fourths  of  the  descent,  the  power  will  be  diminished  to    -     13331 

Because  the  air  must  occupy  one-fourth  of  the  length  of  the 
cylinder,  in  addition  to  that  half  of  the  cylinder  which  it  occupied 
before  the  expansion  began;  therefore  the  space  is  one  and  a  half 
times  the  former,  or  as  3  to  2,  and  the  pressure  will  be  two-thirds 
of  2000. 
At  the  bottom  the  pressure  will  be 1000 

Because  the  ur  is  expanded  to  occupy  twice  the  space  it  filled 
before. 

83331 

The  sum  total  is  very  nearly  the  same  as  the  former,  but 
both  are  greater  than  they  should  be,  from  the  imperfect 
manner  in  which  we  have  been  obliged  to  make  our  calcula- 
tion, so  as  to  express  it  in  common  arithmetic  without  having 
recourse  to  fluxions,  which  is  the  only  method  of  treating 
quantities  that  are  constantly  increasing  or  decreasing  by 
any  given  law. 

The  source  of  the  inaccuracy  is  easily  explained  :  at  first 
we  set  with  the  pressure  at  2000  pounds  in  Mr  Hornblower's 
engine,  and  did  not  take  into  the  account  that  it  decreases 
at  all,  until  the  piston  has  descended  to  one-fourth,  but 
reasoned  as  though  it  diminished  all  at  once  at  that  place; 
whereas  it  began  to  diminish  from  the  very  first  starting. 
Here  then  we  have  taken  a  small  quantity  too  much.  In  the 
same  manner,  our  process  takes  no  notice  of  the  diminution 
which  happens  be^tween  one-fourth  and  one-half  of  the 
descent,  or  between  the  other  points  at  which  we  have 
chosen  to  examine  it ;  the  result  is,  as  if  the  diminution  took 
place  suddenly  at  each  of  those  points.  The  remedy  for  this 
would  have  been  to  have  taken  the  account  at  a  greater 
number  of  places,  as  it  is  by  fluxions  alone  that  we  can  take 
an  infinite  number,  so  as  to  obtain  a  true  result.    Now  in  the 
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second  calculation  of  Mr  Watt's  expansion-engine,  we  have 
taken  a  still  less  number  of  steps  for  the  consideration  of 
the  expansion,  because,  although  there  are  four  steps  in  the 
process,  two  of  them  are  before  the  expansion  begins. 
.  This  is  the  reason  of  the  apparent  difference ;  for  in  reality 
there  is  none  in  the  sum  total  of  the  varying  powers  exerted 
through  the  whole  stroke,  as  will  appear  to  any  person  who 
will  take  the  trouble  to  read  Professor  Robison's  investiga- 
tion. But  if  we  consider  the  difference  of  the  manner  in 
which  the  whole  power  is  expended  during  the  stroke,  we 
shall  see  great  reason  to  prefer  Mr  Hornblower's  method, 
from  the  much  greater  uniformity  of  the  action ;  it  begins  at 
2O00,  and  ends  at  1500,  whilst  Mr  Watt's  begins  at  2000, 
and  ends  at  1000;  hence  the  necessity  of  those  ingenious 
contrivances  for  equalizing  the  action  in  Mr  Watt's  patent 
of  1782.  Mr  Homblower's  is  not  uniform,  but  approaches 
uniformity  more  nearly,  so  that  he  could  have  carried  the 
effect  of  the  expansive  principle  much  farther,  in  employing 
stronger  steam,  than  we  believe  he  ever  proposed  to  do. 

We  have  been  thus  full  upon  this  subject,  because  the 
gaining  more  power  by  the  expansion  of  air  or  steam  acting 
in  double  cylinders,  has  been  a  favourite  idea  with  many,  and 
there  are  no  less  than  five  different  patents  for  it,  but  several 
of  these  have  been  upon  mistaken  notions ;  neither  Mr  Watt's 
nor  Mr  Hornblower's  can  have  any  advantage  from  shutting 
off*  the  air,  or  from  a  double  cylinder,  when  air  is  used  to 
press  the  piston  ;  nor  could  they  derive  any  advantage  from 
the  expansion  of  steam  in  their  engines,  if  the  pressure  of 
it  was  inversely  as  the  space  it  occupies. 

The  advantage  of  the  expansive  principle  arises  wholly 
from  a  peculiar  property  of  steam,  by  which,  when  suffered 
to  expand  itself  to  fill  a  greater  space,  it  decreases  in  pressure 
or  elastic  force  by  a  certain  law,  which  is  not  fully  laid  down; 
that  is,  the  relation  between  its  expansive  force  and  the 
space  which  it  occupies  is  not  clearly  decided :  but  Mr 
Woolf  has  found  that,  by  applying  these  properties  in  their 
fullest  extent  to  the  double-cylinder  engine,  he  can  make 
most  important  improvements  in  the  effects  which  can  be 
obtained  from  any  given  quantity  of  fuel.  Steam  is  a  fluid 
so  different  from  air,  as  to  have  no  one  property  in  common 
with  it,  except  elasticity.  This  elasticity  is  wholly  derived 
from  the  quantity  of  heat  which  it  contains,  and  its  force 
increases  and  diminishes  with  the  quantity  of  heat ;  but  by 
what  law  it  increases  or  diminishes  we  are  uncertain,  because 
we  have  no  measure  of  the  actual  quantity  of  heat  which  is 
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contained  in  steam  of  any  given  elastic  force.  All  we  know 
with  certainty  is  what  is  stated  in  our  table  of  expansion, 
yiz.  that  water,  being  converted  into  steam,  and  confined  in 
a  close  vessel,  when  heated  until  the  thermometer  indicates 
a  certain  temperature,  will  have  a  cerlain  pressure  or  elastic 
force.  But  here  we  must  observe,  that  the  thermometer 
indicates  only  the  intensity  of  the  heat,  without  affording  a 
direct  measure  t>{  its  quantity.  When  steam  is  suffered  to 
expand  itself  into  any  given  space,  the  quantity  of  rarefied 
water  which  will  be  found  to  be  contained  in  any  given  bulk 
of  steam,  in  its  expanded  state,  must  be  undoubtedly  propor- 
tioned to  the  quantity  of  water  contained  in  the  same  bulk 
of  the  steam,  before  the  expansion  took  place,  in  the  inverse 
ratio  of  the  space  which  it  originally  occupied,  and  that  space 
which  it  fills  when  expanded ;  but  we  cannot  say  that  this  is 
the  case  with  heat ;  and  it  is  the  quantity  of  heat  alone  which 
determines  the  elastic  force. 

We  believe  that,  in  practice,  Mr  Hornblower  was  notable 
to  obtain  any  greater  effect  from  the  application  of  the  ex- 
pansive action  in  two  cylinders,  than  Mr  Watt  did  in  one 
cylinder.  In  1791 — 2,  he  erected  an  engine  in  Cornwall  at 
Tin-Croft  mine,  of  which  the  large  cylinder  was  27  inches 
diameter,  and  worked  with  a  stroke  of  eight  feet  long,  and 
the  small  cylinder  21  inches  diameter,  working  with  a  six 
feet  stroke.  The  only  account  we  have  been  able  to  obtain 
of  the  performance  of  this  engine,  is  from  a  pamphlet  pub- 
lished by  Thomas  Wilson,  an  agent  of  Messrs  Boulton  and 
Watt,  professedly  with  a  view  to  prevent  the  introduction  of 
Mr  Hornblower's  engines  into  that  country,  in  which  he 
makes  it  appear,  that  it  raised  only  14,222,120  pounds  of 
water  one  foot  high  with  each  bushel  of  coals. 

In  Mr  Hornblower's  own  account  of  bis  engine,  in  Gre- 
gory's Mechanic8,  he  informs  us,  ''That  an  engme  was 
erected  in  the  vicinity  of  Bath,  some  years  since,  on  this 
principle,  and  under  very  disadvantageous  circumstances, 
the  engine  had  its  cylinders  19  inches  and  24  inches  diame- 
ter, with  lengths  of  stroke  in  each  suitable  to  the  occasion : 
viz.  six  feet  and  eight  feet  respectively.  The  condensing 
apparatus  was  very  bad,  through  a  fear  of  infringement  on 
Mr  Watt's  patent,  and  the  greatest  degree  of  vacuum  which 
could  be  obtained,  was  no  more  than  27  inches  of  mercury. 
The  engine  worked  four  lifts  of  pumps  to  the  depth  of  576 
feet,  4500  pounds,  14  strokes  in  a  minute,  six  feet  eacli,  with 
a  cylinder  six  feet  long,  and  19  inches  diameter,  with  a 
great  deal  of  inertia  and  friction  in  the  rods  and  buckets ; 
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some  of  the  latter  of  which  were  not  more  than  3|  inches 
diameter :  and  this  it  did,  under  all  these  disadvantageous 
circamstances,  with  70  pounds  of  coal,  (light  coal,)  per  hour." 

To  reduce  this  to  the  standard  of  one  foot  high,  we  must  put  the  load  4500 
pounds  X  6  feet  stroke  =  27,000  pounds  which  the  engine  raised  one  foot 
high  at  every  stroke  ;  27,000  pounds  x  H  strokes  per  minute  ^  378,000 
p<Hindt  raised  one  foot  high  each  minute  $  378,000  pounds  X  60  s=  22,680,000 
pounds  raised  one  foot  high  per  hour,  or  with  70  pounds  of  coals.  As  the 
coab  are  stated  to  be  light,  we  will  take  them  at  only  84  pounds  per  bushel, 
instead  of  88  pounds,  as  Mr  Smeaton  did,  and  say  as  70  pounds  :  22,680,800 
pounds  :  :  84  pounds  :  27*216,000  pounds  of  water  raised  one  foot  high  with 
a  bushel  of  ccmJs,  which  is  a  very  good  performance,  but  not  greater  than 
Mr  Watt's. 

In  this  engine,  Mr  Hornblower  says  that  two  remarkable 
circumstances  presented  themselves  to  show  the  advantages 
of  this  application  of  the  principle:  the  one  was,  that  the 
man  who  attended  the  engine  would  sometimes  detach  the 
smaller  cylinder  from  the  beam,  and  work  only  with  the  large 
one,  and  then  the  boiler  would  scarcely  raise  steam  enough 
to  keep  the  engine  going;  but  no  sooner  was  the  small 
cylinder-rod  attached  to  the  beam,  than  the  engine  resumed 
its  wonted  activity,  and  the  steam  would  blow  up  the  safety- 
valve. 

The  next  circumstance  is,  that  when  the  detent,  which 
kept  the  exhausting  valve  shut,  happened  to  miss  its  action, 
the  piston  would  be  checked,  as  it  were,  not  being  permitted 
to  rise  through  the  whole  of  the  returning  stroke ;  and  it 
would,  as  by  an  intuitive  nature,  come  down  again  and  again, 
until  the  detent  performed  its  office,  which  is  a  practical  ar- 
gument for  the  power  of  the  engine  at  the  termination  of  its 
stroke. 

Several  engines  have  been  constructed  upon  the  principles 
of  admitting  a  further  expansion  of  the  steam  in  a  second 
cylinder.  The  one,  however,  which  has  been  most  effectually 
tried  by  comparison,  is  that  which  goes  by  the  name  of 
WoolPs  engine.  An  account  of  which  we  transcribe,  toge- 
ther with  other  improvements  in  the  minor  parts,  which  from 
their  ingenuity  are  worthy  of  notice. 

In  1804,  Mr  Arthur  Wool  f  had  a  patent  for  improvements 
in  steam-engines.  The  specification  of  his  invention  states, 
that  he  has  ascertained  by  actual  experiment,  and  reduced  to 
practice,  the  following  particulars  respecting  theexpansibility 
of  steam.  That,  in  practice,  it  is  found  that  steam,  acting 
with  the  expansive  force  of  four  pounds  pressure  per  square 
inch  against  a  safety-valve  exposed  to  the  atmosphere,  is 
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capable  or  expanding  itself  to  four  times  the  volume  it  then 
occupies,  and  still  to  be  equal  to  the  pressure  of  the  atmo- 
sphere :  that,  in  like  manner,  steam  of  the  force  of  five  pounds 
the  square  inch,  can  expand  itself  to  five  times  its  volume  ; 
and  that  masses  or  quantities  of  steam  of  the  like  expansive 
force  of  six,  seven,  eight,  nine,  or  ten  pounds  pressure  per 
square  inch,  can  expand  to  six,  seven,  eight,  nine,  or  ten  times 
their  volume,  and  still  be  respectively  equal  to  the  atmosphere, 
or  capable  of  producing  a  sufficient  action  against  the  piston 
of  a  steam-engine,  to  cause  the  same  to  rise  in  the  atmo- 
spheric engine  of  Newcomen  with  a  counterpoise,  or  to  be 
carried  into  the  vacuous  part  of  the  cylinder  of  the  improved 
engine,  first  brought  into  effect  by  Mr  Watt:  that  this  ratio 
is  progressive,  and  nearly,  if  not  entirely,  uniform ;  so  that 
steam  pressing  with  the  expansive  force  of  20,  30,  40,  or  50 
pounds  the  square  inch  against  a  common  safety-valve,  will 
expand  itself  to  20,  30, 40,  or  50  times  its  volume;  and  that, 
generally,  as  to  all  the  intermediate  or  higher  degrees  of 
elastic  force,  the  number  of  times  which  steam  of  any  tem- 
perature and  force  can  expand  itself,  is  nearly  the  same  as 
the  number  of  pounds  it  is  able  to  sustain  on  a  square  inch 
exposed  to  the  common  atmospheric  counter-pressure;  pro- 
vided always,  that  the  space,  place,  or  vessel,  in  which  it  is 
allowed  to  expand  itself,  be  kept  at  the  same  temperature  as 
that  of  the  steam,  before  it  is  allowed  room  to  expand. 

Respecting  the  different  degrees  of  temperature  required 
to  bring  steam  to,  and  maintain  it  at,  difierent  expansive 
forces  above  the  weight  of  the  atmosphere,  Mr  Woolf  states, 
that  he  has  found  by  actual  experiment,  setting  out  from  the 
boiling  point  of  water,  or  212"  of  Fahrenheit,  at  which  de- 
gree steam  of  water  is  only  equal  to  the  pressure  of  the 
atmosphere ;  that,  in  order  to  give  an  increased  elastic  force 
equal  to  five  pounds  on  each  square  inch,  the  temperature 
must  be  raised  to  about  227|",  when  it  will  have  acquired  a 
power  to  expand  itself  to  five  times  its  volume,  and  still  be 
equal  to  the  atmosphere,  and  capable  of  being  applied  as 
such  in  the  working  of  steam-engines  according  to  his  in- 
vention. Various  other  pressures,  temperatures,  and  ex- 
pansive forces  of  steam,  are  shown  in  the  following  table. 
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Pounds  per                   Degrees 
Square  Inch.                      Heat 

of 

5 

227i 

5 

6 

230i 

6 

Steam  of  an 

7 

232} 

7 

elastic  force 

8 

235^ 

and  at  these 

8 

predomina- 

9 

requires  to  be 

237i 

respective  de- 

9 

ting^  over  the 

10 

maintained  by 

239i 

grees  of  heat. 

10 

pressure  of 

15 

a  temperature' 

250i 

"steam  can  ex- 

15 

the     atmo- 

20 

equal  to  about 

259i 

pand  itself  to 

20 

sphere  upon 

25 

267 

about 

25 

a  safety-valve 

30 

273 

30 

35 

278 

35 

40 

282 

40 

Woclfa  Table  of  the  relative  pressures  per  square  inch  ;  the 
temperature  and  expansibility  of  steam  at  d^erent  degrees 
of  heat  above  the  boiling  point  of  water,  beginning  with 
the  temperature  of  steam  of  an  elastic  force  equal  to  five 
pounds  per  square  inch,  and  extending  to  steam  dbk  to 
sustain  forty  pounds  on  the  square  inch. 


times  its  vo- 
lume, and  con- 
tinue equal  in 
elasticity  to 
the  pressure 
of  the  atmo- 
sphere. 


Aod  so  ID  like  manner,  by  small  additions  of  temperature, 
an  expansive  power  may  be  given  to  steam  to  enable  it  to 
expand  to  50,  60,  70,  80,  90,  100,  200,  300,  or  more  times 
its  volume,  without  any  limitation  but  what  is  imposed  by 
the  frangible  nature  of  every  material  of  which  boiJers  and 
other  parts  of  steam-engines  can  be  made.  Prudence  dic- 
tates that  the  expansive  force  should  never  be  carried  to  the 
utmost  which  the  materials  can  bear,  but  rather  be  kept 
considerably  within  that  limit. 

Having  thus  explained  the  nature  of  his  discovery,  Mr 
Woolf  proceeds  to  give  a  description  of  his  improvements 
grounded  thereon. 

If  the  engine  is  constructed  originally  with  the  intention 
of  adopting  these  improvements,  it  ought  to  have  two  steam 
cylinders  of  different  dimensions,  and  proportioned  to  each 
other,  according  to  the  temperature  or  the  expansive  force 
determined  to  be  communicated  to  the  steam  made  use  of  in 
working  the  engine ;  for  the  smaller  steam-vessel  or  cylinder 
must  be  a  guide  for  the  larger.  For  example  ;  if  steam  of 
forty  pounds  the  square  inch  is  fixed  on,  then  the  smaller 
cylinder  should  be  at  least  one-fortietli  part  the  contents 
of  the  larger  one.  Each  cylinder  should  be  furnished  with  a 
piston,  and  the  smaller  cylinder  should  have  a  communica- 
tion, both  at  its  top  and  bottom,  (top  and  bottom  being  here 
employed  merely  as  relative  terms,  for  the  cylinders  may  be 
worked  in  a  horizontal,  or  any  other  required  position,  as  well 
as  vertical,)  with  the  boiler  which  supplies  the  Meam;  and  the 
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cotntnonications,  by  means  of  cocks  or  val  ves  of  any  construc- 
tion adapted  to  the  U8e,*are  to  be  alternately  opened  and  shut 
during  the  working  of  the  engine.  The  top  of  the  small  cylin- 
der should  have  a  communication  with  the  bottom  of  the  larger 
cylinder,  and  the  bottom  of  the  smaller  one  with  the  top  of 
the  larger,  with  proper  means  to  open  and  shut  them  alter- 
nately by  cocks,  valves,  or  any  other  well-known  contrivance. 
And  both  the  top  and  bottom  of  the  larger  cylinder  should, 
while  the  engine  is  at  work,  communicate  alternately  with  a 
condensing  vessel,  into  which  a  jet  of  water  is  admitted  to 
hasten  the  condensation ;  or  the  condensing  vessel  may  be 
cooled  by  any  other  means  calculated  to  produce  that  effect. 
This  arrangement  being  made,  when  the  engine  is  set  to 
work,  steam  of  a  high  temperature  is  admitted  from  the 
boiler  to  act  by  its  elastic  force  on  one  side  of  the  smaller 
piston,  while  the  steam  which  had  last  moved  it  has  a  com- 
munication with  the  larger  steam-vessel  or  cylinder,  where  it 
follows  the  larger  piston,  now  moving  towards  that  end  of  its 
cylinder  which  is  open  to  the  condensing  vessel.  Let  both 
pistons  end  their  stroke  at  one  time ;  and  let  us  now  suppose 
them  both  at  the  top  of  their  respective  cylinders,  ready  to 
descend ;  then  the  steam  of  forty  pounds  the  square  inch, 
entering  above  the  smaller  piston,  will  carry  it  downwards; 
while  the  steam  below  it,  instead  of  being  allowed  to  escape 
into  the  atmosphere,  or  applied  to  any  other  purpose,  will 
pass  into  the  larger  cylinder  above  its  piston,  which  will 
make  its  downward  stroke  at  the  same  time  that  the  piston 
of  the  smaller  cylinder  is  doing  the  same  thing  ;  and  while 
this  goes  on,  the  steam  which  last  filled  the  larger  cylinder  in 
the  upward  stroke  of  the  engine  will  be  passing  into  the  con- 
denser, to  be  condensed  during  the  downward  stroke.  When 
the  pistons  in  the  smaller  and  larger  cylinder  have  thus  been 
made  to  descend  to  the  bottom  of  their  respective  cylinders, 
then  the  steam  from  the  boiler  is  to  be  shut  off*  from  the  top, 
atid  admitted  to  the  bottom  of  the  smaller  cylinder.  The 
communication  between  the  bottom  of  the  smaller  and  the  top 
of  the  larger  cylinder  is  also  to  be  cut  off*;  and  the  communi- 
cation is  to  be  opened  between  the  top  of  the  smaller  and  the 
bottom  of  the  larger  cylinder.  The  communication  between 
the  bottom  of  the  larger  cylinder  and  the  condenser  is  to  be 
cut  off*,  and  the  steam  which,  in  the  downward  stroke  of  the 
engine,  filled  the  upper  part  of  the  larger  cylinder,  suflered 
to  flow  off*  to  the  condenser.  The  engine  will  then  make  its 
upward  stroke  from  the  pressure  of  the  steam  in  the  top  of  the 
small  cylinder  acting  beneath  the  piston  of  the  great  cylinder, 
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and  80  on  alternately,  admitting  the  steam  to  the  different 
sides  of  a  smaller  piston,  while  the  steam  last  admitted  into 
the  smaller  cylinder  passes  alternately  to  the  different  sides 
of  the  larger  piston  in  the  larger  cylinders  :  the  top  and  bot- 
tom of  which  are  at  the  same  time  made  to  communicate  al- 
ternately with  the  condenser. 

In  an  engine  working  in  the  manner  just  described,  while 
the  steam  is  admitted  on  one  side  of  the  piston  into  the  small- 
er cylinder,  the  steam  on  the  other  side  has  room  made  for 
its  admission  into  the  larger  cylinder,  on  one  side  of  its  pis- 
ton, by  the  condensation  taking  place  on  the  other  side  of 
the  large  piston  which  is  open  to  the  condenser ;  and  that 
waste  of  steam  which  takes  place  in  engines  worked  only  by 
the  expansive  force  of  steam,  from  steam  passing  the  piston, 
is  prevented ;  for  all  steam  that  passes  the  piston  in  the 
smaller  cylinder  is  received  into  the  larger. 

In  such  an  engine,  where  it  may  be  more  convenient  for 
any  particular  purpose,  the  arrangement  may  be  altered,  and 
the  top  of  the  smaller  made  to  communicate  with  the  top  of 
the  larger  cylinder ;  in  which  case  the  only  difference  will  be, 
that  when  the  piston  in  the  smaller  cylinder  descends,  that 
in  the  larger  will  ascend,  and  vice  versa;  which,  on  some  oc- 
casions, may  be  more  convenient  than  to  have  the  two  pistons 
moving  in  the  same  direction. 

This  engine  is  exactly  the  same  in  its  action  as  Mr  Horn- 
blower's,  which  we  have  before  described.  The  novelty  con- 
sists in  the  application  of  steam  of  a  high  pressure  thereto, 
and  in  proportioning  the  capacities  of  the  two  cylinders  to  the 
expansibility  of  the  steam,  according  to  his  table.  But  Mr 
W.  goes  on  to  state,  that  effectual  means  must  be  used  to 
keep  up  the  requisite  temperature  in  all  parts  of  the  appa- 
ratus into  which  the  steam  is  admitted,  and  in  which  it  is  not 
intended  to  be  condensed ;  and  here  it  may  be  proper  to  state, 
that  instead  of  the  usual  means  of  accomplishing  this,  by  en- 
closing them  in  the  boiler,  or  in  a  steam-case  communicating 
with  the  boiler,  a  separate  fire  may  with  advantage  be  made 
under  the  steam-case  containing  the  cylinders,  which  in  that 
event  will  become  a  second  boiler,  and  must  be  furnished 
with  a  safety-valve,  to  regulate  the  temperature.  By  means 
of  the  last-mentioned  arrangement,  the  steam  from  the 
smaller  cylinder,  or  steam  measurer,  may  be  admitted  into 
the  larger  cylinder,  when  kept  at  a  higher  temperature  than 
the  steam  in  the  smaller  cylinder,  by  which  its  power  to  ex- 
pand itself  may  be  increased  ;  and,  on  the  contrary,  by  keep- 
log  the  larger  cylinder  at  a  lower  temperature  than  the  small- 
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er,  its  expansibility  will  be  lessened,  which,  on  particular 
occasions,  and  for  particular  purposes,  may  be  desirable. 
In  every  case  care  must  be  taken*  that  the  boiler,  or  case  in 
which  the  cylinder  is  enclosed,  the  steam-pipes,  and  gene- 
rally all  the  parts  exposed  to  the  action  of  the  expansive  force 
of  the  steam,  shall  have  a  strength  proportioned  to  the  high 
pressure  to  which  they  are  to  be  exposed. 

It  is  not  advisable  that  the  proportion  of  the  capacity  of 
thesmaller  cylinder,  or  steam-measurer,  to  the  capacity  of  the 
larger  or  working  cylinder,  should  in  any  case  be  smaller  than 
the  proportion  of  the  expansion  of  the  steam  which  is  to  be 
used  in  it,  as  we  have  stated,  yet,  in  the  making  of  it  larger, 
considerable  latitude  may  be  allowed ;  for  example,  with 
steam  of  forty  pounds  the  square  inch,  a  small  cylinder,  or 
measurer,  of  one-twentieth,  or  even  larger,  instead  of  one- 
fortieth  the  capacity  of  the  larger  or  working  cylinder,  and  so 
with  steam  of  any  given  strength.  And  in  many  cases  it  may 
be  advisable  that  this  should  be  the  case,  because  of  the 
difficulty  of  preventing  some  waste  of  steam,  or  partial 
condensation,  which  might  lessen  the  rate  of  working,  if 
not  allowed  for  in  the  size  of  the  small  cylinder  or  steam- 
measurer. 

In  an  cases  when  the  engine  is  ready  for  working,  whatever 
may  be  the  proportion  that  has  been  adopted,  or  intended  to 
be  worked  with,  it  should  have  its  power  tried  by  altering  the 
load  on  the  valve  that  ascertains  the  force  of  the  steam,  in 
order  that  the  strength  of  steam  best  adapted  for  the  engine 
may  be  ascertained,  for  it  may  turn  out  to  be  advantageous, 
that  the  steam  should  be  employed  in  particular  engines  of 
an  elastic  force  somewhat  over  or  under  what  was  first  in- 
tended. 

Mr  Woolf  also  states,  that  Mr  Watt's  engines  may  be 
improved  by  the  application  of  his  discovery  in  making  the 
boiler,  and  the  steam-case  in  which  the  working  cylinder  is 
enclosed,  much  stronger  than  usual,  and  by  altering  the 
structure  and  dimensions  of  the  valves  for  admitting  steam 
from  the  boiler  into  the  cylinder  in  such  a  manner  that  the 
steam  may  be  admitted  very  gradually  by  a  progressive 
enlargement  of  the  aperture,  so  as  at  first  to  withdraw  the 
steam  and  afterwards  to  admit  it  more  freely.  The  reason  of 
this  precaution  is  this,  that  steam  of  such  elastic  force  as 
Mr  Woolf  proposes  to  employ,  if  admitted  suddenly  into  the 
cylinder,  would  strike  the  piston  with  a  force  as  would  en- 
danger the  safety  and  durability  of  the  engine.  The  aperture 
allowed  for  admitting  steam  into  the  cylinder,  or  cylinders, 


Digitized  by 


Google 


AND  MACHINIST.  197 

shoold  be  regulated  by  the  following  consideration.  If  the 
intention  is  that  the  engine  should  work  wholly,  or  almost 
wholly,  by  condensation,  the  steam,  in  passing  into  the  cylin- 
der, should  be  forced  to  withdraw  itself  only  so  much  that 
the  piston  may  perform  the  whole,  or  a  great  part  of  the 
stroke,  by  the  time  that  the  intended  quantity  of  steam  has 
been  admitted  into  the  cylinder.  For  example,  when  steam 
of  forty  pounds  on  the  square  inch  is  used,  such  a  quantity 
of  it  must  be  allowed  to  enter  as  shall  be  equal  to  one-fortieth 
of  the  capacity  of  the  cylinder,  and  so  in  proportion  when 
steam  of  any  other  force  is  employed  ;  ^nd  when  the  requisite 
quantity  has  been  admitted,  the  steam  is  to  be  shut  off  till 
the  proper  moment  for  admitting  a  fresh  quantity.  But  if  it 
is  intended  that  advantage  shall  also  be  taken  of  the  elastic 
force  of  the  steam  acting  on  one  side  of  the  piston,  while  con- 
densation goes  on  on  the  other  side,  then  the  steam  must  be 
admitted  more  freely,  but  still  with  caution  at  first,  for  the 
reason  already  mentioned. 

This  latter  is  the  same  thing  as  Mr  Watt's  expansion 
engine;  but  with  the  addition  of  gradually  diminishing  the 
aperture  of  the  steam-valve  as  the  piston  descends,  instead  of 
stopping  it  altogether  at  a  certain  portion  of  the  descent,  by 
which  means  the  action  of  the  engine  is  rendered  more  uni- 
form. We  think  that,  by  regulating  the  descent  of  the  valve 
by  an  accurate  movement,  a  very  good  effect  may  be  pro- 
duced in  this  manner,  without  the  complication  of  two  cylin- 
ders or  other  parts ;  the  only  objection  is,  that  if  at  any  time 
the  valve  should  be  fully  opened  by  accident,  the  pressure 
might  suddenly  become  so  great,  from  the  strong  steam  act- 
ing upon  the  full  surface  of  the  piston,  as  to  break  the  engine 
to  pieces. 

In  1805,  Mr  Woolf  took  out  a  second  patent  for  further 
improvements,  in  which  he  proposes,  as  before,  to  apply  fire 
to  the  cylinder  itself,  to  heat  the  steam  after  it  is  thrown  into 
the  working  cylinder ;  and  this  was  to  be  done  by  a  fire 
being  placed  beneath  the  case  containing  the  cylinder :  the 
space  between  the  case  and  the  cylinder  was  to  be  filled  with 
oil,  war,  fusible  metal,  or  mercury.  He  also  proposes  a 
method  of  preventing  the  passage  of  any  of  the  steam  from 
that  side  of  the  piston  which  is  acted  upon  by  the  steam,  to 
the  other  side,  which  is  open  to  the  condenser.  In  those 
steam-engines  which  act  as  double  engines,  he  efiects  this 
by  employing,  upon  or  about  the  piston,  a  column  of  mer- 
cury or  fluid  metal,  in  an  altitude  equal  to  the  pressure  of 
the  steam.    The  efficacy  of  this  arrangement  will,  he  says. 
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appear  obvious,  from  attending  to  what  takes  place  in  the 
working  such  a  piston.  When  the  piston  is  ascending, 
that  is,  when  the  steam  is  admitted  below  it,  the  space  on  its 
upper  side  being  open  to  the  condenser,  the  steam,  endea- 
vouring to  pass  up  by  the  side  of  the  piston,  is  met,  and 
effectual ly  prevented  by  the  column  of  metal,  equal  or  su- 
perior to  it  in  pressure,  and  during  the  down  stroke,  no 
steam  can  possibly  pass  without  first  forcing  all  the  metal 
through. 

In  working  what  is  called  a  single  engine,  a  less  consider- 
able altitude  of  metal  is  required,  because  the  steam  always 
acts  on  the  upper  side  of  the  piston  ;  and  in  this  case,  oil,  or 
wax,  or  fat  of  animals,  or  similar  substances,  in  suflicient 
quantities,  will  answer  the  purpose.  But  care  must  be  taken, 
either  in  the  double  or  single  engine,  when  working  with  this 
piston,  that  the  outlet  which  conveys  the  steam  to  the  con- 
denser shall  be  so  situated,  and  of  such  a  size,  that  the  steam 
may  pass  freely,  without  forcing  before  it,  or  carrying  with 
it,  any  of  the  metal  or  other  substance  employed  that  may 
have  passed  by  the  piston  ;  and  at  the  same  time  providing 
another  exit  for  the  metal,  or  other  substance  collected  at  the 
bottom  of  the  cylinder,  to  convey  the  same  into  a  reservoir 
kept  at  a  proper  heat,  whence  it  is  to  be  returned  to  the 
upper  side  of  the  piston  by  a  small  pump,  worked  by  the  en- 
gme,  or  by  some  other  contrivance.  In  order  that  the  fluid 
metal  used  with  the  piston  may  not  be  oxydated,  some  oil  or 
other  fluid  substance  is  always  to  be  kept  on  its  surface,  to 
prevent  its  coming  in  contact  with  the  steam ;  and  to  prevent 
the  necessity  of  employing  a  large  quantity  of  fluid  metal, 
although  the  piston  must  be  as  thick  as  the  depth  of  the  co- 
lumn required,  the  diameter  need  be  only  a  little  less  than 
the  steam-vessel  or  working  cylinder,  excepting  where  the 
packing,  or  other  fitting,  is  necessary  to  be  applied;  so  that, 
in  fact,  the  column  of  fluid  metal  forms  only  a  thin  body 
round  the  piston. 

We  have  seen  an  engine  of  an  eight-horse  power  of  this 
kind  at  work,  with  a  fluid  metal  on  the  pistons :  it  efiectually 
prevented  the  leakage.  But  as  it  required  to  have  the  cylin- 
ders twice  as  long  as  usual,  in  order  to  have  sufficient  room 
for  the  long  or  thick  pistons  which  it  required,  and  as  these 
pistons  must  be  of  considerable  weight,  the  method  is  not  at 
all  applicable  in  practice  *,  and,  indeed,  the  increase  of  the 
bulk  of  the  moving  parts  is  such  as  to  counterbalance  the  ad- 
vantage, which  is  confined  to  the  saving  of  steam  by  leakage ; 
for  the  friction  must  be  greater  than  in  another  engine. 
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because  the  piston  most  be  packed  as  tight  as  usual,  to  be  able 
to  sustaiD  a  column  of  fluid  metal,  which  must  be  more  than 
equal  in  pressure  to  that  of  the  steam ;  and  when  the  steam 
presses  upon  the  piston,  the  pressure  of  the  fluid  metal  to  leak 
by  the  piston  must  be  double  that  of  the  steam  :  also  the  fric- 
tion of  so  great  a  surface  of  fluid  metal  pressing  against  the 
inside  of  the  cylinder  is  very  great. 

In  1810,  Mr  Woolf  had  a  third  patent,  the  object  of  which 
is  to  prevent  the  waste  of  steam  from  leakage  by  the  piston. 
For  this  purpose  he  does  not  allow  the  steam  to  come  to  the 
piston  at  all,  but  causes  it  to  act  in  a  difierent  vessel,  and 
transmits  the  action  thereof  to  the  piston  by  oil  or  fluid  metal : 
thus,  at  the  side  of  the  cylinder,  he  places  a  separate  vessel, 
communicating  with  the  lower  part  of  the  cylinder  by  a  large 
pipe  or  passage  from  the  bottom  of  each;  then  steam,  being 
admitted  into  this  vessel,  will  press  upon  the  surface  of  the 
oil  or  fluid  metal  contained  in  it,  and  force  the  same  to  pass 
out  of  that  vessel  into  the  cylinder,  where  it  will  act  beneath 
the  piston  to  press  the  same  upwards,  a  vacuum  being  at  the 
same  time  made  in  the  upper  part  of  the  cylinder  to  give  ef- 
fect to  the  pressure. 

The  steam  is  then  made  to  press  upon  the  upper  surface 
of  the  piston,  which  is  always  covered  with  a  quantity  of  the 
fluid ;  and  at  the  same  time  a  vacuum  is  made  in  the  separate 
vessel,  so  as  to  relieve  the  surface  thereof  from  all  pressure; 
in  consequence  the  piston  is  made  to  descend.  It  is  evident 
that  the  piston  must  be  packed  so  tight  as  to  suffer  none  of  the 
fluid  to  pass  by  it;  but  this  is  easy,  in  comparison  with  the 
difficulty  of  making  a  packing  sufficiently  tight  to  resist  the 
passage  of  steam,  particularly  when  it  is  so  rare  as  the  ex- 
panded steam  which  Mr  Woolf  sometimes  uses  in  his  engine. 
The  separate  vessel  of  which  we  have  spoken,  is  in  some 
cases  to  be  the  jacket  or  space  which  surrounds  the  cylinder, 
which  is  then  to  be  open  at  bottom. 

This  contrivance  is  ingenious,  but  we  think  the  necessity 
of  an  additional  cylinder  is  an  objection  which  will  prevent 
its  adoption  in  large  engines  ;  and  for  small  engines  the  ad- 
vantages are  net  so  great. 

Since  his  first  patent,  Mr  Woolf  has  erected  several  small 
engines,  which  performed  well,  and  with  an  evident  economy 
of  fuel.  But  these  engines  being  employed  to  turn  mills,  of 
which  the  operations  do  not  afford  so  exact  an  estimate  of  the 
power  as  the  operation  of  pumping  water,  Mr  WoolPs  en- 
gines did  not  come  to  a  direct  and  indisputable  comparison 
with  those  on  Mr  Watt's  principle,  until  1815,  when  two 
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large  engines  were  set  to  work  in  Cornwell,  at  Wheal  Yor 
and  Wheal  Abraham  mines,  for  pumping  water ;  and  these 
have  since  been  regularly  reported  in  Messrs  T.  and  J. 
Lean's  reports,  and  of  which  one  of  the  objects  was  to  ascer- 
tain the  comparative  merit  of  the  double  and  single  cylinder 
engines* 

The  report  for  May  1815,  states  the  average  performance  of  these  two 
engines  at  49,980,882  lbs.  lifted  one  foot  hig^h  for  each  bushel  of  coals  ;  and 
smce  that  time  they  have  done  more  than  50,000,000  lbs. 

The  engine  at  Wheal  Vor  has  a  great  cylinder  of  53  inches  diameter,  and 
nine-feet  stroke  ;  and  the  small  cylinder  is  about  one-fifth  of  the  contents 
of  the  ereat  one.  The  engine  works  six  pumps,  which,  at  every  stroke, 
raise  a  load  of  water  of  37,982  lbs.  weight  7^  feet  high,  which  b  the  leng^ 
of  the  stroke  in  the  pumps.  This  makes  a  pressure  of  14,1  lbs.  per  square 
inch  on  the  surface  of  the  great  piston,  and  it  makes  7,6  strokes  per 
minute.  With  respect  to  its  consumption  of  coals,  it  raised,  in  Mapch 
1816,  48,432,702  lbs.  one  foot  high  with  each  bushel ;  April  1816,  44,000, 
000  lbs. ;  Hay  1816,  49,500,000  lbs.  ;  and  in  June  1816,  43,000,000  lbs. 

From  the  same  reports  we  learn,  that  the  engine  at  Wheal  Abraham  mine 
has  a  great  cylinder  of  45  inches  diameter,  working  with  a  seven-feet  stroke* 
at  the  rate  of  8,4  strokes  per  minute  under  a  load  of  24,050  lbs.  which  it 
raises  seven  feet  at  each  stroke.  Its  performance  during  the  above  four 
months  was  50,000,000  lbs. ;  50,908,000  lbs.  $  in  May,  56,917,312  lbs. 
which,  we  believe,  is  the  greatest  performance  ever  made  by  a  steam-en- 
gine {  and  in  June,  51,500,000  lbs. 

We  must  observe,  that  the  variation  in  the  performance  of 
different  steam-engines,  which  are  constructed  upon  the  same 
principle,  and  working  under  the  same  advantages,  is  the  same 
as  would  be  found  in  the  produce  of  the  labour  of  so  many 
different  horses,  or  other  animals,  when  compared  with  their 
consumptive  food  ;  for  the  effects  of  different  steam-engines 
will  vary  as  much  from  small  differences  in  the  proportions 
of  their  parts,  as  the  strength  of  animals  from  the  vigour  of 
their  consitution  ;  and,  again,  there  will  be  as  great  differ- 
ences in  the  performance  of  the  same  engine,  when  in  bad  or 
good  order,  from  all  the  parts  being  tight  and  well  oiled,  so 
as  to  move  with  little  friction,  as  there  is  in  the  labour  of  an 
animal,  from  his  being  in  good  or  bad  health,  or  excessively 
fatigued  ;  but  in  all  cases,  there  will  be  a  maximum  which 
cannot  be  exceeded,  and  an  average  which  we  ought  always 
expect  to  attain. 

Fig.  198  is  a  sketch  to  show  the  arrangement  of  the  valves  and  cylinders 
of  these  two  engines ;  A  is  the  large  cylinder,  and  B  the  little  cylinder,  each 
enclosed  in  its  steam-case.  The  steam  is  admitted  from  the  boiler  into  the 
steam  case  of  the  large  cylinder  A,  by  a  communication  at  C  ;  and  there  is  a 
communication  between  this  steam-case  and  that  of  the  small  cylinder ; 
so  that  aU  the  steam  for  the  supply  of  the  engine  passes  through  both  of  the 
steam-cases,  which  therefore  become  partof  Uie  communication  between  the 
boiler  and  the  little  cylinder,  into  which  the  steam  is  first  admitted.     D 
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fiimishes  a  commanication  for  canying^  back  to  the  boiler  any  water  which 
may  be  prodaced  by  condenfiation  in  the  steam-case,  before  the  engine  is 
heated  to  the  proper  temperature.  £  is  the  pipe  firom  the  steam-case  to 
supply  the  engine ;  it  has  a  regulating  valve.  F  is  the  valve-box  of  the 
small  cylinder,  the  spindle  of  the  one  valve  working  through  that  of  the 
other ;  and  the  passage  for  the  steam  from  the  case  into  the  small  cylinder 
is  situated  between  the  two  valves.  G  is  the  valve  that  opens  the  commu- 
nication between  the  bottom  of  the  small  cylinder  B  and  the  top  of  the  large 
cylinder  A,  when  the  piston  thereof  is  to  be  pressed  down.  H  is  the  valve 
that  returns  the  steam  from  above  to  below  the  large  piston,  when  the  piston 
is  to  ascend.  And  I  is  the  exhaustion-valve,  to  carry  off  the  steam  to  the 
condenser. 

When  the  engine  makes  its  down-stroke,  the  upper  valve  at  F  is  opened, 
and  admits  the  steam  from  the  case  to  press  upon  the  small  piston,  the  valve 
G  bein^  opened  at  the  same  time,  which  suiters  the  steam  to  pass  from  the 
under  side  of  the  small  to  the  upper  side  of  the  large  piston ;  and  the  valye  I 
is  opened  to  make  a  passage  from  beneath  the  great  piston  to  the  condenser. 
These  three  aipper  valves,  F,  G,  I,  open  at  the  same  instant  of  time. 

When  botK  pistons  arrive  at  the  bottom  of  their  respective  cylinders,  these 
tiiree  valves  are  shut  altogether,  and  the  lower  steam-valve  at  F  is  opened, 
to  return  the  steam  from  above  to  below  the  small  piston,  the  valve  U  doing 
the  same  to  the  large  cylinder,  and  both  pistons  return  in  equilibrio  by  the 
counter-weight ;  but  the  upper  valve  at  F  can  be  shut  off  at  any  part  of  the 
stroke,  according  to  the  load  of  the  engine.  \ 

Those  who  are  conversant  with  steam-engines  will  per- 
ceive, from  the  passing  of  the  steam,  as  above  described,  from 
the  opper  to  the  lower  side  of  each  of  the  pistons  respectively, 
that  the  engines  at  Wheal  Vor,  and  at  Wheal  Abraham,  are 
al  present  working  with  a  single  stroke.  Were  these  engines 
working  double,  the  steam  would,  on  the  down-stroke,  be 
made  to  pass,  the  same  as  before  described,  from  the  under 
side  of  the  small  to  the  upper  side  of  the  large  piston,  steam 
from  the  boiler  in  the  mean  time  coming  in  upon  the  small 
piston,  and  the  under  side  of  the  large  piston  being  open  to 
the  condenser ;  but  on  the  up-stroke,  the  action  would  be 
different  from  what  we  have  described,  for  the  steam  would 
pass  from  the  top  of  the  small  cylinder  to  beneath  the  large 
piston,  while  steam  would  be  admitted  from  the  boiler  under 
the  small  piston,  the  top  of  the  large  cylinder  being  open  to 
the  condenser. 

The  boilers  which  Mr  Woolf  employs  in  his  engines  are 
different  from  those  of  other  engines  which  work  with  steam 
of  a  low  pressure,  the  water  being  contained  in  small  cylin- 
drical tubes  of  cast-iron,  whjch  are  filled  with  water,  and 
exposed  to  the  flame  nearly  in  an  horizontal  position. 

Mr  Woolf  has  a  patent  for  this  boiler,  which  the  specifi- 
cation states  to  consist  of  two  or  more  cylindrical  vessels, 
properly  connected  together,  and  so  disposed,  as  to  constitute 
a  strong  and  fit  receptacle  fdr  the  water  intended  to  be  con* 
2  A 
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Yerted  into  steam  of  a  temperature  and  under  a  pressure 
uncommonly  high,  and  also  to  present  an  extensive  portion 
of  convex  surface  to  the  current  of  flame  and  heated  air  from 
a  fire;  likewise  of  other  large  cylindrical  receptacles  placed 
above  the  former  cylinders,  and  properly  connected  with 
them,  for  the  purpose  of  containing  some  water  and  the 
steam. 

These  cylindrical  vessels  are  set  in  a  furnace  so  adapted  to 
them,  as  to  cause  the  greater  part  of  the  surface  of  each  of 
them,  or  as  much  of  the  surface  as  may  be  convenient,  to 
receive  the  direct  action  of  the  fire,  or  heated  air  or  flame. 

Figfs.  199  and  200  represent  one  of  these  boilers  in  its  most  simple  form. 
It  consists  of  eight  tubes  marked  a,  made  of  cast-iron,  or  any  other  fit 
metal,  which  are  each  connected  with  the  larger  cylinder  A,  )>1aced  abore 
them,  as  is  shown  in  the  side  view,  fig*.  200,  in  which  the  sam^  letters  refer 
to  the  same  parts  as  in  fig.  199.  In  fig.  200  is  also  shown  the  manner  in 
which  the  fire  is  made  to  act.  The  fuel  rests  on  the  grate-bars  at  B,  and 
the  flame  and  heated  air,  being  reverberated  from  the  part  above  the  two 
first  smaller  cylinders,  go  under  the  third,  over  the  fourth,  under  the  fiflh, 
over  the  sixth,  under  the  se^nth,  and  partly  over  and  partly  under  the 
eighth  smaU  cylindric  tube,  all  which  tubes  are  full  of  water.  TTie  direction 
of  the  fiame,  until  it  reaches  the  last-mentioned  tube,  is  shown  by  the  dotted 
curved  lines  and  arrows.  When  it  has  reached  that  end  of  the  furnace,  it  is 
carried  by  Uie  flue,  O,  to  the  other  side  of  a  wall,  built  beneath  the  main 
cylinder  A,  in  the  direction  of  its  length,  and  the  flame  then  returns  under 
the  opposite  end  of  the  seventh  smaller  cylinder  over  the  sixth,  under  the 
fiflh,  over  the  fourth,  under  the  third,  over  the  second,  and  parUy  over  and 
partly  under  the  first,  when  it  passes  into  the  chimney.  The  wall  before- 
mentioAied,  which  divides  the  furnace  longitudinaUy,  answers  the  do«ble 
purpose  of  lengthening  the  course  which  the  fiame  and  heated  air  have  to 
traverse,  giving  ofi*  heat  to  the  boUer  in  the  passage,  and  also  of  securing  the 
flanges,  or  other  joinings,  employed  to  unite  the  smaUer  tubes  to  the  main 
cylinder,  from  bem^  injured  by  the  fire.  The  ends  of  the  small  cylindric 
tubes  rest  on  the  bnckwork  which  forms  the  sides  of  the  furnace,  and  one 
end  of  each  of  them  is  furnished  with  a  cover,  secured  in  its  place  by  screws 
and  a  flanch,  but  which  can  be  taken  off  at  pleasure,  to  allow  the  tubes  to 
be  cleared,  from  time  to  time,  from  any  incrustation  or  sediment  which  may 
be  deposited  in  them. 

To  any  convenient  part  of  the  main  cylinder  A,  a  tube  is  afiixed,  to 
convey  the  steam  to  the  steam-engine.  In  working  with  such  boilers,  the 
water  carried  off  by  evaporation  is  replaced  by  water  forced  in  by  the 
usual  means  for  a  high  pressure  boiler,  that  is,  a  forcing-pump  ;  and  the 
steam  generated  is  carried  to  the  place  intended  by  means  of^  pipes  con- 
nected with  the  upper  part  of  the  cylinder  A.  In  the  specification,  means 
are  pointed  out  for  applying  this  plan  to  the  boilers  of  steam-engines 
already  in  use,  by  ranging  a  row  of  cylinders  beneath  the  present  boiler,  and 
connecting  them  with  each  other,  and  with  the  boiler.  Directions  are  also 
given  for  constructing  boilers  composed  of  cylinders  disposed  vertically. 
In  every  case  the  tubes  composing  the  boiler  should  be  so  combined  and 
arranged,  and  the  furfiace  so  constructed,  as  to  make  the  fire  and  fiame  act 
around  and  over  the  tubes,  so  as  to  embrace  the  largest  possible  quantity 
of  their  surfiuse.    it  nmst  be  obvious  to  any  one,  that  the  tubes  maty  be 
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isiile  of  any  kind  of  metal ;  but  cast-iron  is  the  most  convenient^  The  size 
of  the  tubes  may  be  varied ;  but  in  every  case,  care  should  be  taken  not  to 
make  the  diameter  too  great;  for  it  must  be  remembered,  that  the  larger  the 
diameter  of  any  single  tube  is  in  such  a  boiler,  the  stronger  it  must  be  made 
in  proportion,  to  enable  it  to  bear  the  same  expansive  force  of  steam  as  the 
smaller  cylinders.  It  is  not  essentia],  however,  to  the  invention,  that  the 
tubes  should  be  of  different  sizes;  but  the  upper  cylinders,  especially  the  one 
which  is  called  the  steam  cylinder,  should  be  larger  than  the  lower  ones,  it 
being  the  reservoir,  as  it  were,  into  which  the  lower  ones  send  the  steam,  to 
be  thence  conveyed  away  by  the  steam-pipe.  The  following  general  direc- 
tions are  given  respecting  the  quantity  of  water  to  be  kept  in  a  boiler  of  this 
construction,  viz.  it  ought  always  to  fill,  not  only  the  whole  of  the  lower 
tubes,  but  also  the  great  steam  cylinder  A,  to  about  half  its  diameter,  that  is, 
as  high  as  the  £re  is  allowed  to  reach;  and  in  no  case  should  it  be  allowed 
to  get  so  low,  as  not  to  keep  the  vertical  necks,  or  branches,  which  join  the 
smaller  cylinders  to  the  great  cylinder,  full  of  water,  for  the  fire  is  only  be- 
neficially employed  when  applied,  through  the  medium  of  the  interposed 
metal,  to  water,  to  convert  it  into  steam;  that  is,  the  purpose  of  the  boiler 
would  in  some  measure  be  defeated  if  any  of  the  parts  of  the  tubes  which 
are  exposed  to  the  direct  action  of  the  fire,  should  present  a  surface  of 
steam  in  their  interior,  instead  of  water,  to  receive  the  transmitted  heat. 
Tins  must,  more  or  less,  be  the  case,  whenever  the  lower  tubes^  and  even  a 
part  of  the  upper,  are  not  kept  filled  with  the  water. 

Respecting  the  furnace  for  this  kind  of  boiler,  it  should 
always  be  so  built  as  to  give  a  long  and  waving  course  to  the 
flame  and  heated  air,  forcing  them  the  more  efiectually  to 
strike  against  the  sides  of  the  tubes  which  compose  the  boiler, 
and  so  to  give  out  the  greatest  possible  portion  of  their  heat 
before  they  reach  the  chimney.  Unless  this  bo  attended  to, 
there  will  be  a  much  greater  waste  of  fuel  than  necessary, 
and  the  heat  communicated  to  the  contents  of  the  boiler  will 
be  less  from  a  given  quantity  of  fuel. 

When  very  high  temperatures  are  not  to  be  employed,  the 
kind  of  boiler  just  described  is  found  to  answer  very  well ; 
but  where  the  utmost  force  of  the  fire  is  desirable  for  pro- 
ducing the  most  elastic  steam,  the  parts  are  combined  in  a 
manner  somewhat  different,  though  the  principle  is  the  same. 
In  the  Philosophical  Magazine,  vol.  xvii.  p.  40,  is  a  descrip- 
tion and  drawing  of  a  boiler  of  this  kind,  two  of  which  were 
erected,  in  1803,  at  Messrs.  Meux's  brewery. 

In  every  case  Mr  Woolf  uses  two  safety-valves,  at  least, 
in  his  apparatus,  to  prevent  accidents  ;  a  precaution  which 
cannot  be  too  strongly  enforced,  as  it  may  happen,  when  but 
one  is  employed,  that  by  some  accident  it  may  get  locked, 
and  the  engine  and  people  about  it  be  exposed  to  the  danger 
of  an  explosion. 

In  those  engines  of  Mr  WoolPs  which  we  have  seen,  he 
employs  boilers  like  the  one  described,  viz.  with  two  small 
lubes  beneath,  which  are  full  of  water,  and  exposed  to  the 
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immediate  aetioD  of  the  flame,  communicatiDg  byperpeadicir^ 
lar  necks  or  branches  with  the  large  cylinder  above,  which 
has  water  in  the  lower  part,  and  steam  in  the  upper.  The 
only  difference  from  what  we  have  above  described  is,  that 
the  lower  and  upper  tubes  are  placed  in  the  same  direction, 
instead  of  being  at  right  angles  to  each  other ;  and  the  flame 
proceeds  in  the  direction  oftheir  length,  instead  of  crossing 
them ;  the  lower  or  water  tubes  are  rather  inclined  upwards. 
The  metal  of  these  tubes  is  made  very  thick,  with  a  view  to 
strength  and  durability. 

The  idea  of  making  boilers  for  raising  strong  steam  by  a 
number  of  small  tubes,  which  can  be  made  stronger  than  one 
large  vessel,  is  not  original  with  Mr  Woolf,  Mr  Blakey,  of 
whom  we  have  before  spoken,  having  proposed  it  in  a  small 
tract  which  he  published  in  French,  at  the  Hague,  in  1776. 
But  his  tubes  were  to  be  placed  over  each  other,  in  an  in- 
clined direction,  and  the  water,  being  admitted  at  the  upper 
end,  ran  down  within  the  heated  inclined  tubes,  and  became 
converted  into  steam. 

Woolf  s  regulating  steamv<Uve. — Besides  the  common  safe- 
ty-valves, Mr  Woolf  has  also  introduced  a  valve  of  a  new 
construction  into  the  steam-pipe  itself,  to  regulate  the  quan- 
tity that  shall  pass  from  the  boiler.  In  fact,  it  is  a  self-acting 
steam-regulator,  and  extremely  ingenious* 

A»  (fig-  20 1 , )  is  a  part  of  the  great  or.  steam  cylinder  of  one  of  Mr  Woolf  s 
boilers;  B  B,  the  neck  or  outlet  for  the  steam,  surmounted  by  a  steam-box  C, 
which  is  joined  to  the  neck  B  B,  by  the  flanges,  a,  a.  The  top  or  corerof 
the  steam-box  C,  marked  with  the  letter  D^  is  weU  secured  in  its  place,  and 
has  a  hole  through  it  for  the  rod  of  the  valve  to  pass:  and  the  interior  of  the 
hole  is  formed  to  a  box  to  hold  a  stuffing,  and  make  the  rod  work  up  and 
down  steam  tight,  the  stuffing  being  kept  in  its  place  by  means  of  a  collar, 
screwed  down  in  the  usual  way,  as  shown  in  the  figure.  By  means  of  a  pin 
bt  and  the  two  vertical  pieces  e,  e,  the  sliding-valve  rod  is  made  fast  to  m^ 
which  is  a  close  cover  to  the  hoUow  cylinder  n  n.  The  cover  m  fits  steam- 
tight  into  the  conical  seat,  at  the  upper  end  of  a  collar  o  o,  which  is  made  hat 
to  the  flange  a  a,  and  descends  into  the  neck  of  the  boiler,  forming  a  baird, 
in  which  the  cylinder  fits  close.  The  cylinder  n  n  is  open  at  bottom,  having 
a  free  communication  with  the  steam  in  the  boiler  A;  and  it  has  three  verti- 
cal slits  cut  through  the  slides,  one  of  which,  S,  is  shown  in  the  plate. 
The  sum  of  the  area  of  all  these  slits  or  openings  is  equal  to  the  area  of  the 
opening  of  the  seat  or  collar  oo,  in  which  the  cylinder  n  n  works. 

When  the  steam  acquires  a  sufficient  degree  of  elastic  force  to  raise  the 
valve,  (that  is,  the  cylinder  n  n,  with  its  cover  m,  and  the  rod  R, )  together 
with  whatever  wei^t  the  rod  may  be  loaded,  then  the  openingfs  S,  rising^ 
above  the  steam-tight  collar  or  seat  o  o,  allow  the  steam  to  pass  into  the 
steam-box  C,  and  to  flow  off  to  the  engine  through  the  pijpe  N.  But  the 
quantity  of  steam  that  passes  is  proportioned  to  the  elastic  force  it  has  ac- 

auired,  and  the  weight  with  which  the  valve  is  loaded  ;  because  the  rise  of 
le  openings,  S,  above  the  collar  o  o,  will  be  in  that  propcvtion. 
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This  valve  may  be  loaded  by  applying  weights  in  any  of 
the  usual  methods;  but  Mr  Wool  f  prefers  the  one  shown  in 
the  drawing,  in  which  the  upper  part  of  the  rod  R  is  joined, 
by  means  of  a  chain,  to  a  quadrant  of  a  circle  Q,  for  the 
purpose  of  carrying  a  pendulum  weight  Z,  that  admits  of 
being  moved  nearer  to  or  farther  from  the  centre  of  the 
quadrant,  according  as  the  pressure  of  the  valve  is  wished 
to  be  increased  or  diminished. 

As  the  yalye  rises,  the  weight  moves  upwards  in  the  arc  n  n,  giving  a  con- 
tinaaUy  increiuied  resistance  to  the  farther  rising  of  the  vabre,  proportioned 
to  the  horizontal  distance  of  the  weight  from  the  centre  of  Q,  of  which 
the  weight  attains  a  continual  increase  by  its  rise  in  the  area,  according  to 
the  horizontal  distances  measured  on  the  line  Q  o,  pressing  through  the 
centre  of  the  weight  by  perpendiculars  from  the  horizontal  line. 

Thus,  if  the  weight  Z  presses  down  the  valve  m  with  a  force  equal  to  30 
pounds  on  the  square  inch  of  the  aperture  in  o  o,  in  its  present  position,  when 
It  rises  to  the  position  at  t,  it  will  press  with  a  force  equal  to  30  pounds, 
and  9ip,  with  a  force  equal  to  40  pounds  on  the  square  inch;  so  that  the 
rod  Z  may  be  made  to  serve  at  the  same  time  as  an  index  to  the  person 
who  attends  the  fire,  nothing  more  being  necessary  for  this  purpose  than  to 
graduate  the  arc,  described  by  the  end  of  the  rod  Q  Z,  by  experimental 
trials.  In  the  side  of  the  steam-box  C  there  is  an  opening,  N,  to  allow  the 
steam  to  pass  fitm  it  by  a  pipe  to  the  steam-engine. 

It  is  plain  that  the  adjustment  of  the  positive  pressure  on  this  valve  can 
be  determined  by  sliding  the  weight  Z  oi  the  pendulum  to  a  greater  or 
less  distance  frt>m  the  centre  of  motion.  Ag^n,  to  adjust  the  rate  of  the  in- 
creasing forces,  BO  as  to  correspond  with  the  increasing  force  of  the  steam, 
the  radius  of  the  quadrant,  Q,  must  be  apportioned  to  the  diameter  of  the 
valve  and  the  opening  of  the  slits,  8,  so  that  the  ascent  of  the  weight  Z, 
in  its  quadrant  will  be  correspondent  to  the  varying  pressure,  This  adjust- 
ment must  be  made  as  nearly  as  it  can  be  done  before  the  valve  is  fixed; 
and  to  bring  it  afterwards  to  an  exact  regulation,  the  chain  is  attached  to 
the  rod,  11,  by  a  nut  and  screw;  by  means  of  which,  any  part  of  the  arc 
can  be  used  that  is  found  most  correspondent  with  the  vaiying  pressure, 
because  the  rate  at  which  the  resistance  of  the  lever  increases  is  more  rapid 
when  the  pendulum  is  near  to  the  perpendicular,  than  when  it  approaches 
the  horizontal  position. 

The  Hune  effect  may  be  produced,  by  making  the  slits  in  the  side  of 
the  cylinder  narrower  at  the  lower  part  of  the  cylinder,  instead  of  being 
parallel 


BELL-CBANK   ENGINE*. 

Messrs  Coulton  and  Watt,  soon  after  the  expiration  of 
their  patent  for  effecting  condensation  in  a  separate  vessel, 
introduced  a  form  of  engine,  called  the  bell-crank  engine,  of 
which  we  shall  represent  so  much  as  is  necessary  to  exhibit 
the  alteration  in  the  mode  of  construction. 

Kg.  202  is  a  side  view  of  the  engine.  A  B  C  is  the  bell-crank,  there  being 
toother  exactly  similar  part  on  the  other  side,  moving  upon  a  fixed  centre,  C ; 
the  end  A  D  is  joined  to  a  cross-piece  which  works  the  piston-rotd  in  the  cy- 
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linder.  E  setres  for  the  air-pump,  and  G  for  the  cold-water  pump,  and  the 
hot-water  pump  may  be  worked  upon  the  same  bar.  The  connecting  rod 
from  B  to  H  is  supposed  to  be  attached  to  the  crank  of  the  fly-wheel  at  H. 
Ennncs  of  this  description  are  mostly  constructed  with  slide  or  D  valves, 
which  are  worked  by  the  beam  A  C.  This  form  of  en^ne  does  not  pos- 
sess any  particular  advantages  otherwise  than  those  arising  from  compact- 
ness, which  are  not  of  sufficient  weight  to  counterbalance  the  increased 
friction.  It  was,  in  some  few  instances,  at  the  commencement  of  steam 
navigation,  applied  to  boats,  but  it  was  found  to  answer  not  so  well  as  th^ 
double-beam  engine. 

VIBAiLTING   ENGINE* 

With  a  view  to  do  away  with  the  beam  of  the  engine,  and 
to  communicate  the  motion  direct  from  the  piston-rod  to  the 
fly-wheel  crank,  a  form  of  engine  has  been  constructed, 
which,  in  engines  of  small  dimensions,  where  the  piston-rod 
can  be  made  of  sufficient  strength  compared  with  the  weight 
of  the  cylinder  that  is  to  vibrate,  have  answered  tolerably 
well.  We  have  seen  one  of  about  one-horse  power,  which 
had  been  at  work  four  years. 

Fig.  203.  A  is  the  cylinder,  B  the  piston-rod,  C  the  crank,  D  the  fly-wheel 
E  a  stand  suppor^g  die  cylinder  pivot  F,  which  has  a  similar  one  on  the  op- 
posite side.  One  of  these  pivots  is  formed  like  the  key  of  a  four-way  cock» 
having  a  communication  to  the  top  and  bottom  of  the  cylinder.  By  the 
movement  of  the  piston,  the  cylinder  is  caused  to  vibrate,  to  turn  the  cnunk-- 
and  fly-wheel,  and  the  steam  passes  alternately  to  the  top  and  i>ottom  of 
the  cylinder,  by  the  two-way  axes  on  which  the  cylinder  vibrates. 

When  engines  of  this  construction  are  formed  of  any  con- 
siderable size,  there  is  a  danger  of  bending  the  piston-rod» 
and  in  vibrating,  the  weight  of  the  cylinder  loosens  its  fitting 
in  the  stuffing  collar  of  the  cylinder-cap. 

ROTATORY    ENGINE. 

All  steam-engines  as  yet  noticed,  have  their  action  pro- 
duced by  the  movement  of  a  piston  in  a  cylinder  and  act  by 
what  is  called  a  reciprocating  motion.  In  engines  of  this 
description,  a  very  considerable  degree  of  power  is  ex- 
pended in  arresting  the  motion  of  the  different  working 
parts,  and  putting  them  into  action  in  a  direct  contrary 
course :  this  has  claimed  much  attention  from  engineers,  and 
many  attempts  have  been  made  to  construct  an  engine  in 
which  the  action  of  the  steam  should  operate  in  a  continuous 
manner,  without  bringing  the  parts  to  a  state  of  rest. 

The  most  obvious  mode  of  attuning  this  object,  is  the  producing  a  ro- 
tatory motion.  One  of  the  most  simple  engines  on  this  construction  is  re- 
presented in  fig.  204,  where  two  sections  are  shown,  the  one  at  right  an- 
gles to  the  revolving  shaft,  the  other  parallel  to  it,  the  same  letters  in 
both  denoting  the  same  parts.    U  U  U  U  is  a  circular  steam-case,  with  the 
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two  ends  enclosed  by  the  circular  plates  WW,  throu^  which  the  abaft 
B  passes.  To  R  is  attached  by  four  arms,  S  S  S  S,  the  nng  P  P,  in  which 
the  fans  or  flat  pieces,  A  and  B,  are  fixed  on  hinges  formed  steam-tight,  but 
capable  of  being*  shut  in  upon  the  ring,  as  A,  or  opening  and  closing  the 
steun-coorse  O  O  O  O,  as  B.  To  each  of  these  four  pieces  is  attached  a  tidl 
or  tripping  piece,  C  and  D,  which,  during  their  revolution,  touch  the  stud 
E,  and  raises  their  respective  fans  into  the  steam-way,  as  shown  by  the  dotted 
&n  at  A 1 ,  just  after  it  has  passed  the  steam  aperture,  I.  The  passage  to  the 
condenser  is  represented  at  N;  G  is  a  camb-piece  attached  to  the  outer  case, 
and  fitting  in  a  steam-tight  manner  upon  P  P  P  P,  serving  to  close  the  fans  as 
they  come  round.  The  steam  entering  at  I  presses  upon  G  and  A  i ,  which 
is  supposed  to  have  been  just  ndsed  to  that  position,  and  forces  it  round  to- 
gether with  the  ring  P  P  P  P,  and  the  centre  shaft  R,  until  it  passes  the 
aperture  through  which  the  steam  issues  to  the  condenser,  prior  to  which 
the  other  fan,  B»  passes  the  steam-way,  and  obtains  a  position  to  receive  the 
action  of  the  steam,  and  continue  the  motion. 

Tlie  steam-way,  O  O  O  O,  may  be  considered  to  be  a  cylinder  bent  round, 
and  the  fans,  as  they  obtrude  themselves,  act  the  part  of  a  piston,  receiving 
the  impulse  of  the  steam  always  on  the  one  side,  and  effecting  the  con- 
densation always  on  the  other.  It  being  requisite  that  the  steam-way 
should  have  some  termination,  the  obstacle,  G,  is  indispensable,  and  the 
movement  of  the  fans  upon  hinges,  or  some  other  mode,  to  pass  such 
obstacle,  is  unavoidable;  and  therefore,  from  being  thus  compelled  to  move 
Uie  piece  acting  as  a  piston  continually  to  and  from  its  fittings,  it  becomes 
extremely  difficult  to  maintain  those  fittings  steam-tight.  This,  together 
with  the  steam-way  not  being  capable  of  receiving  Ae  cylindrical  form, 
are  inconveniences  of  great  moment  It  has  been  found,  therefore,  that  in 
maintaining  engines  of  this  construction  in  a  working  condition,  great 
difficulties  arise,  which  hitherto  have  not  been  surmounted;  and  as  at  pre- 
sent these  engines  exist  to  no  useful  end,  we  shall  refirain  from  describing 
them  further. 


HIGH-PRESSURE    ENGINES. 

If  water  be  urgisd  greatly  by  fire,  steam  of  greater  press- 
tire  is  obtained ;  and  it  has  been  long  known,  that  the  extent 
of  the  pressure  increases  in  a  greater  ratio  than  the  expen- 
diture of  heat,  which  has  been  an  inducement  to  many  to 
attempt  to  use  steam  at  excessive  pressures.  The  pressures 
generally  allowed  in  high-pressure  engines,  is  not  more  than 
30,  40,  and  seldom  exceeds  50  pounds  to  the  inch« 

In  engines  where  the  pressure  is  so  great,  the  weight  of  the 
atmosphere  is  not  taken  into  account,  and  the  mode  of  efiect- 
ing  the  motion  of  the  piston  is,  by  allowing  one  end  of  the 
cylinder  to  be  open  to  the  air,  whilst  the  steam  acts  on  the 
opposite  side  of  the  piston.  By  this  mode  of  operation,  all 
the  parts  appertaining  to  the  promotion  of  condensation,  are 
dispensed  with,  and,  consequently,  the  expense  of  making 
those  parts,  the  friction  caused  by  their  operations,  and  the 
attention  which  was  necessary  to  their  well-being,  is  entirely 
saved.  This  gives  to  the  engine  a  peculiar  degree  of  sim- 
plicity, but  it  is  unfortunately  attended  with  some  danger. 
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Steam  was  applied  ia  this  mode  so  early  as  the  year  1734, 
and  is  described  by  Leupold,  in  his  Theatrum  MacMnarum 
HydravlicQTvm^  vol.  ii.  p.  93.  The  engine  thus  described, 
is  formed  with  two  cylinders,  having  pistons  fitted  and 
attached  to  two  separate  beams,  whose  other  ends  are  con- 
nected with  two  force-pumps.  Between  the  two  cylinders  is 
a  four-way  cock,  and  as  the  pistons  are  weighed  and  brought 
down  to  the  bottom  of  each  cylinder,  it  is  evident  that  by 
means  of  this  cock,  the  steam  can  be  let  on  alternately  to 
the  bottom  of  each  cylinder,  whilst,  at  the  same  time,  the 
opposite  cylinder  to  that  in  which  the  steam  is  admitted  has 
a  communication  with  the  atmosphere.  Thus  by  turning 
the  cocks,  the  two  pistons  are  alternately  raised  6y  the  steam, 
and  permitted  to  descend  by  the  loading  of  weights  attached 
to  their  other  end.  This  simple  construction  of  high-press- 
ure may  be  placed  on  a  par  with  Newcomen's  condensing 
engine. 

Mr  Watt  presents  to  our  notice  this  mode  of  using  the 
direct  action  of  steam,  in  the  latter  part  of  his  specification, 
in  1769 ;  but  the  most  common  application  of  high-pressure 
steam,  of  late  years,  is  used  in  a  form  of  engine  invented 
by  Mr  Trevitheck,  for  the  purpose  of  applying  this  power 
to  locomotion.  He  obtained  a  patent  for  it,  in  union  with 
Mr  Vivian,  in  the  year  1802.  This  engine,  from  its  com- 
pactness, is  peculiarly  applicable  to  this  purpose,  as  it  re- 
quires no  condensing  water,  which  would  be  an  insurmounta- 
ble bar  to  its  introduction. 

Fig.  205  presents  a  section  of  this  form  of  engpine.  A  B  is  the  boiler, 
Ala  safety-valve,  C  D  the  cylinder,  E  the  four-way  cock,  G  the  passa^ 
from  the  boiler,  H  the  passage  to  the  chimney,  G  i  for  the  exit  of  the  steam. 
E  is  a  four-way  cock,  F  the  passajg^  to  the  top,  and  K  the  passage  to  the 
bottom  of  the  cylinder.  M  the  piston,  N  the  piston-rod,  O  the  connectii^ 
rod,  joined  to  the  cranks  of  the  fly-wheel.  The  beam  B  is  worked  by  the 
connecting  rod,  which  has  the  rod  of  a  small  force-pump  S  attached  to  it, 
acting  on  the  other  side  of  the  boiler,  and  forcing  water  along  Q  U  into  tiie 
bculer  by  I.  l*he  fire-place  is  behind  the  chimney,  as  seen  in  the  view,  and 
is  surrounded  on  all  sides  by  the  boiler.  Fig.  206  is  a  section  df  the  cylin- 
der at  right  angles  to  the  section  at  fig.  205.  The  four-way  cock  is  moved 
by  means  of  a  lever  on  its  axis,  which  is  struck  by  a  tapit  upon  a  rod  fh>m 
the  cross-piece  C*.  It  must  be  understood  that  there  is  another  connect- 
ing rod  and  crank  on  the  further  side  of  the  engine,  and  that  the  beam  C 
connects  them. 

This  engine,  we  conceive,  requirea^  little  elucidation.  The 
four-way  cock  permits  the  steam  to  pass  alternately  to  the  top 
and  bottom  of  the  cylinder  by  the  passages  F  and  K,  and 
affords  it  egress  by  G* :  and  the  cold  water  coming  to  supply 
the  boiler,  surrounding  it  on  all  sides,  imbibes  its  heat,  by 
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Which  means  the  boiler  is  fed  with  water  of  a  much  higher 
temperature,  and  the  steam  is  condensed  in  H,  by  which  a 
more  rapid  exit  is  obtained  for  it. 

This  kind  of  engine  was  expressly  intended  for  working 
carriages.  A  locomotive  engine  was  made  by  Mr  Trcvi- 
tbeck,  in  South  Wales,  in  1804,  and  was  tried  upon  the  rail- 
roads at  Merthyr  Tydvall.  It  drew  after  it  as  many  carriages 
as  carried  ten  tons  of  bar  iron  for  a  distance  of  nine  miles, 
without  any  further  supply  of  water  than  that  contained  in 
the  boiler  at  setting  out,  travelling  at  the  rate  of  five  miles 
per  hour.  Since  that  period  they  have  been  tried  in  many 
places  upon  rail-roads,  but  their  introduction  had  not  become 
general  until  1811,  when  Mr  Blenkinsop,  proprietor  of  the 
Middletoo  Coal-works,  which  supply  the  town  of  Leeds, 
adopted  them  for  conveying  the  coals  on  his  rail-road.  Mr 
Blenkinsop,  when  he  adopted  the  locomotive  engine,  took  up 
the  common  rails  on  one  side  of  the  whole  length  of  the 
road,  and  replaced  them  with  rails  which  had  cogs  on  their 
upper  surface.  These  cogs  are  cast  at  the  same  time  with 
the  rails,  and  are  hollow  beneath,  to  be  as  light  as  is  con- 
sistent with  strength  and  durability.  The  pitch  of  the  cogs 
is  six  inches,  so  that  each  rail  of  three  feet  in  length  has 
only  six  cogs.  A  wheel  which  is  fixed  on  an  axis  which 
would  be  that  of  the  fly-wheel  at  one  side  of  the  carriage, 
works  id  the  teeth  of  these  rails ;  the  whole  machine  is  thus 
caused  to  advance  along  the  railway.  Many  fruitless  attempts 
have  been  made  to  produce  an  engine  capable  of  moving 
carriages  upon  common  roads ;  but  before  this  can  be  effected, 
the  numerous  parts  of  the  engine  must  be  made  more  com- 
pact, and  its  weight  considerably  reduced. 

Observations  on  the  work,  fyc.  fyc.  of  steam-engines  in 
Cornwall,  from  August  1811,  to  May  1815,  inclusive, 
hy  Messrs  Lean. 

Messrs  Thomas  and  John  Lean  were  appointed  to  the 
general  superintendence;  and  the  different  proprietors, 
as  also  the  regular  engineers  of  the  respective  mines, 
engaged  to  give  them  every  facility  and  assistance  in  their 
power.  Their  first  Monthly  Report  was  for  August  1811, 
and  included  eight  engines,  which  had  in  that  month  con- 
sumed 23,661  bushels  of  coals,  and  lifted  126,126,000  pounds 
of  water  one  foot  high,  with  one  bushel  of  coals  for  each  engine, 
being  an  average  duty  of  15,760,000  pounds  lifted  one  foot 
high  with  each  bushel  of  coals.  In  the  months  of  September 
aikl  October  the  engines  reported  were  nine,  and  \u  November 
2B 
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and  December  twelve:  and  it  now  evidently  appeared  that 
the  regular  publication  of  Messrs  Lean's  very  useful  tables 
bad  already  been  attended  by  some  improvements  in  the  con- 
dition of  the  engines;  for  the  average  duty  for  December 
1811,  extracted  flrom  these  tables,  appears  to  have  been 
17,075,000  pounds. 

In  January  1812,  the  number  of  engines  reported  was  four- 
teen, and  by  the  end  of  that  year' they  were  increased  to  nine- 
teen ;  and  the  average  duty  performed  by  all  the  engines  in 
the  last  mentioned  month  had  advanced  to  18,200,000  pounds. 

In  1813,  the  number  of  engines  included  in  the  Monthly 
Reports  continued  to  increase,  till  in  December  they  were 
29,  and  the  average  work  20,162,000. 

During  some  of  the  months  of  1814,  the  engines  reported 
were  32,  and  the  average  duty  performed  during  December 
was  19,784,000  pounds  lifted  one  foot  high  with  each  bushel 
of  coals. 

The  table  which  is  subjoined  is  an  abstract  from  Messrs 
Lean's  Reports,  and  has  been  formed  by  first  counting  bow 
many  engines  are  reported,  as  in  January  1815,  32  engines; 
then  adding  up  the  column  containing  the  quantity  of  coals 
consumed  by  ajl  the  engines  during  the  month,  and  putting 
down  the  amount,  110,824;  in  like  manner  adding  up  the 
column  of  pounds  lifted  by  each  engine  one  foot  high  by  one 
bushel  of  coals,  the  amount  of  which  was  637,320,990;  and 
lastly,  dividing  the  latter  quantity  by  32,  the  number  of 
engines  at  work,  to  obtain  the  average  duty  performed,  viz. 
19,916,250  pounds. 


TABLE. 


Number  of 
engines  re- 
ported. 

BuBhelB  of 
coals  con- 
sumed by  aU 
the 
engines. 

Bushels  of 
coals  upon 
which  the 
report  is 
founded. 

Pounds  of  wa- 
ter lifted  one 
foot  high  by 
the  coals  so 
reported. 

Average  of 
poonde  lifted 
one  foot  high 

with  each 
bushel  of  coAls 

1811.  August 
September 
October 
November 

1812.  January 
February 
March 
April 

8 

9 

9 

12 

12 

23,661 
25,237 
24,487 
80,998 
39,545 

8 

9 

9 

12 

.12 

126,126,000 
126,164,000 
121,910,000 
189,340,000 
204.907,000 

16,760.000 
13,900.000 
13,640,000 
16.770,000 
17,076,000 

14 
16 
16 
16 

60,089 
64,349 
59,140 
62,884 

14 
16 
16 
16 

237,661,409 
260,614,000 
274,222,000 
276,238,000 

16,9^000 
17.900,000 
17,138,000 
17.260,000 
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Table  continued. 

• 


Butbels  of 

Bushels  of, 

Pounds  of  wa^ 

Average  of 

Namberof 

coals  con- 

coals  upon 

ter  lifted  one 

pounds  lifted 

Engines  re- 

ffumed by  aU 

which  the 

foot  high  by 

one  foot  high 

ported. 

•     the 

report  is 

the  coals  so 

with  each 

engines. 

founded. 

reported. 

bushel  of  coals 

1S12.  May 

16 

61,903 

16 

278.546.000 

17,096,000 

Jun9 

17 

60,410 

17 

288.076,000 

16,940,000 

July 

17 

61.674 

17 

800,441,000 

17,677,000 

August 

17 

44,256 

17 

314.753,000 

18,510,000 

September 

18 

46,686 

18 

343.396,000 

19,355,000 

October 

18 

68,941 

18 

321,900,000 

17,883,000 

November 

21 

67.176 

21 

381,460.000 

18,160,000 

December 
1813.  January 

19 

66.784 

19 

341.808.000 

18,200,000 

19 

60,400 

19 

363,906.000 

19,153,000 

February 

22 

68,044 

22 

438.737,000 

19,940,000 

March 

28 

78.862 

23 

440,642.000 

19,157,000 

AprU 

28 

61.789 

23 

431,032.000 

18,700,000 

May 

24 

68,890 

24 

463,846,000 

19,800,000 

June 

24 

68.110 

24 

470,157.000 

19,590,000 

July 

28 

66,709 

23 

443,462,000 

19,281,000 

August 

21 

60,110 

21 

416,898,000 

19,852,000 

September 

22 

68,008 

22 

427,148,000 

19,415,000 

October 

26 

74,796 

26 

488,671,000 

18,795,000 

November 

28 

77.185 

28 

587,958,000 

19,212,000 

1814.  January 

29 

86,273 

29 

584,721.000 

20,162,000 

28 

91,763 

28 

550,751,000 

19.670,000 

February 

26 

78,986 

26 

536,677,000 

20,641,000 

March 

28 

109,904 

28 

566,406,000 

20,193,000 

« 

29 

91,607 

29 

576,617,000 

20,325,000 

28 

79.487 

28 

569,319,000 

20,806,000 

June 

80 

76,843 

80 

626,669,000 

20,888,000 

July 

27 

85.224 

27 

573,208,000 

21,229,000 

August 

26 

70,443 

26 

546,019,000 

20,960,000 

September 

,27 

78,167 

27 

560,608,000 

20,763.000 

October 

32 

75,080 

32 

630,704,000 

19.709.000 

November 

82 

82,000 

82 

637,322,000 

19.916.000 

December 
1816.  January 

29 

84,669 

29 

573,744,006 

19.784.276 

82 

110.824 

82 

637,320,990 

19,916.260 

February 

S3 

101,667 

83 

710,271,260 

21.623.370 

March 

34 

117,842 

34 

706,071.990 

20.766,820 

« 

86 

105,701 

86 

695,212,340 

19.863.210 

84 

107,630 

84 

669,299,140 

20.479.360 

From  the  foregoing  table  it  appears  that  the  average  duty 
of  the  engines  reported,  exclusive  of  WoolPs  patent  engine, 
is  at  this  time  about  20  millions. 

We  have  purposely  omitted  WoolPs  patent  engine,  because 
one  of  the  ends  intended  to  be  gained  by  the  Monthly  Report 
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of  work  actually  done  by  the  engines  employed  in  the  mines, 
particularly  in  pumping,  was  to  know  the  comparative  merit 
^of  Woolfs  engine  with  two  cylinders  when  contrasted  with 
the  steam-engines  in  common  use.  «  One  of  Mr  Woolfs  en- 
gines has  been  lately  erected  at  Wheal  Vor  mine,  of  53  inches 
diameter  in  the  great  cylinder,  (the  smaller  cylinder  being 
about  one.-fifth  of  the  contents  of  the  great  one,)  and  nine  feet 
stroke.  According  to  Messrs  Lean^s  Report  for  May,  the 
duty  performed  by  the  engine  alluded  to^  was  49,980,882 
pounds  lifted  one  foot  with  every  bushel  of  coals  consumed  ; 
and  by  letter  we  are  informed,  (for  the  printed  Report  has 
not  yet  reached  us,)  that  the  duty  performed  by  Woolfs  en- 
gine in  the  month  of  June  was  50,333,000. 

Thus  it  appears  that  the  average  duty  of  the  patent  engine 
for  the  months  of  May  and  June  was  fifty  millions,  while  the 
aggregate  average  duty  of  the  other  engines  is  only  twenty 
millions.  From  this  it  is  evident  that  Mr  Woolfs  improve- 
ments on  the  steam-engine  will  be  productive  of  much  benefit 
to  the  mining  interests  of  the  kingdom.  On  some  of  the  large 
mines,  when  this  engine  shall  have  come  into  general  use, 
which  it  must  do  sooner  or  later,  the  saving  in  fuel  only  will 
add  to  the  yearly  dividends  among  the  proprietors  several 
thousand  pounds  steriing.  Nor  is  this  all ;  the  expense  that 
will  thus  be  saved  will  prevent  numbers  of  mines  from  stop- 
ping work;  and  will  be  the  means  of  setting  many  again  to 
work  which  have  ceased  on  account  of  the  expense  necestary 
to  keep  them  free  from  water. 

By  Messrs  Lean's  Report  for  January,  (1816.)  the  average  work  of  33  en-- 
gincs  was  20,694,630  pounds  of  water  lifted  one  foot  high  for  each  bushel  of 
coals  consumed.     WoolPs  engine  at  Wheal  Vor  during  the  same  month  lift- 
ed 47,900,333  pounds,  and  his  enmne  at  Wheal  Abraham  47,622,040  pounds 
one  foot  high  with  each  bushel  of  coals. 

By  the  Report  for  February,  the  average  work  of  34  engines  was  20,667,398 
pounds  lifted  one  foot  with  each  bushel  of  coals.  WoolPs  engine  at  Wheal 
Vor  lifted  45,493,303 ;  and  the  one  at  Wheal  Abraham  45,896,382  pounds 
one  foot  high  with  each  bushel. 

Having  examined  into  the  construction  of  the  several  kinds 
of  engines  in  general  use,  we  shi^ll  forbear  to  mention  tb« 
steps  of  every  speculatist  who  has  attempted  improvements 
in  this  machine,  and  which  have  for  years  filled  our  pe- 
riodical publications  with  plans,  possessing  more  or  less  in- 
genuity. 

Calculations  with  respect  to  the  power  of  steam  are  of  great 
importance;  but  practical  people  are  well  aware  that  they 
cannot  be  attended  with  accuracy.  We  have  already  shown 
that  the  amonnt  of  actual  force  expended  in  steam-pressures. 
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can  be  ascertained  with  great  accuracy^  by  gauges  and  safety- 
values ;  but  the  resulting  disposable  power  is  not  so  easily 
discovered^  as  the  friction  of  the  various  parts  vary  greatly 
according  to  the  state  which  they  are  in.  Thd  state  of  the 
condensation,  in  condensing  engines,  gives  a  more  or  less 
perfect  vacuum,  which  will  vary  notwithstanding  the  utmost 
vigilance.  It  has  been  generally  set  down,  among  engineers, 
that  nearly  one-half  of  the  power  of  steam  must  be  deducted 
from  the  disposable  force;  therefore,  suppose  an  engine  of 
24  inch  piston,  the  area  of  which  will  be  452  square  inches, 
has  a  perfect  vacuum,  as  exhibited  by  the  barometer  of  the 
condenser,  and  the  weight  of  the  atmosphere,  denoted  by  the 
weather-barometer,  be  about  fourteen  pounds,  and  the  steam- 
gauge  on  the  boiler  stands  at  about  two  inches,  which  is  an 
indication  of  two  pounds  pressure,  we  may  estimate  that  there 
is  17  lbs.  per  square  inch  pressing  upon  the  piston  ;  therefore 
17  X  452  =  7684  lbs.  on  the  piston,  half  of  which  being 
deducted  for  allowance  of  friction,  leaves  a  disposable  force 
of  3842  lbs.  moving  through  the  distance  at  the  same  rate  in 
'  which  the  piston  moves;  which  force  being  divided  by  Messrs 
Bolton  and  Watt's  estimate  of  a  horse-power,  will  give  the 
nominal  power  of  such  engine.  In  high-pressure  engines 
where  the  steam  is  not  condensed,  what  is  indicated  by  the 
steam-gauge  of  the  boiler  only,  must  be  estimated  as  the 
power  acting  upon  the  piston. 

That  the  increments  of  power  take  place  in  a  quicker  ratio 
than  those  of  the  temperature,  has  been  long  known;  and 
an  ingenious  mechanic  of  the  present  day  has  attempted  to 
use  steam  at  very  high  pressures.  Without  entering  into  a 
description  of  the  obstacles  he  met  with,  we  will  briefly  ob- 
serve, that  the  requisite  strength  of  the  parts  to  withstand 
the  pressure,  conjoined  to  the  excessive  heat,  present  ob- 
stacles not  easily  to  be  overcome. 

The  reciprocating  motion  in  steam-engines  is  a  loss  of 
power  which  cannot  be  denied.  For  the  momentum  of  the 
beam  and  other  parts  passing  in  one  direction  have  suddenly 
to  be  arrested  and  moved  in  the  opposite  direction,  which 
produces  a  loss  of  power.  Rotatory  action  has  been  sought, 
therefore,  with  propriety,  but  has  not  yet  been  obtained  with 
advantage. 

Messrs  Boulton  and  Watt,  in  the  introduction  of  the 
ateam-engine  into  many  works,  where  the  power  of  horses 
was  used,  were  obliged  to  take  into  consideration  the  number 
of  horses  used  for  any  particular  purpose,  in  order  to  ascer- 
tain the  amount  offeree  wanted.     Upon  the  conclusion  of  a 
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numerous  set  of  experiments  they  decided,  that  a  horse, 
working  eight  hours  a  day,  was  capable  of  raising  33,000  lbs. 
one  foot  high,  in  a  minute.  Therefore,  by  dividing  the  num- 
ber of  pound^  an  engine  can  lift  one  foot  high  in  a  minute, 
it  will  give  the  amount  of  horses'  power  to  which  that  en- 
gine is  equal. 

An  entire  view  of  an  engine  of  the  construction  termed  portable,  is  repre- 
sented at  fig".  207.  A  b'the  cylinder,  B  the  air*pump,  C  the  cold-w&ter 
pump,  D  the  hot-water  pump^  £  the  beam,  F  the  connecting  rod,  G  the 
fly-wheel,  H  the  eccentric  shi^  and  I  the  governor. 

It  would  occupy  many  volumes  to  describe  the  various  forms 
of  construction  of  engines  which  have,  since  the  knowledge  of 
the  power  of  steam,  been  contrived  ;  and  the  information  such 
descriptions  would  convey  would  be,  CQmpacatively  speaking, 
of  very  little  value,  as  the  majority  of  them  have  arisen  from 
men  ignorant  of  the  principles  of  the  action  of  the  machine, 
and  whose  production  should  be  classed  as  fatile  alterations. 

In  attempting  any  improvements,  the  principles  of  action 
should  first  be  taken  into  consideration.  In  condensing 
engines  the  movement  is  effected  by  the  alternate  increase 
and  decrease  of  temperature,  the  perfection  of  both  of  which 
is  of  great  importance.  The  primary  point  to  be  aimed  at, 
therefore,  is  the-maintaining  of  high  temperature  whilst  the 
steam  is  forcing,  and  reducing  it  suddenly  when  the  conden- 
sation is  to  be  effected.  This  was  taken  into  consideration 
in  the  construction  of  Newcomen's  engine,  and  was  most 
effectually  attained  by  Mr  Watt. 

The  other  part  of  the  engine  may  be  examined  with  a 
view  of  improvement,  by  considering  their  weight  and,  fric- 
tion, and  by  the  substituting  of  a  rotatory  instead  of  a  re- 
ciprocating motion. 

Simplicity  of  construction  cannot  be  too  strongly  recom- 
mended in  all  mechanical  combinations;  for  there  are  many 
contivances  which  would  certainly  by  deserving  of  the  name 
of  improvements,  were, they  not  inapplicable  on  account  of 
their  intricacy.  i:' 

Attempts  have  frequently  been  made  to  avoid  the  use  of  the 
air-pump,  which  takes  up  a  considerable  portion  of  the  power 
of  an  engine.  A  water  barometer,  adapted  to  the  condenser, 
has  been  sometiili^es  adopted;  and  a  fall  of  water  has  been  made 
to  pass  over  the  upper  edges  and  down  the  orifice  of  a  tube, 
forcing  the  air  before  it.  The  upper  end  of  this  tube  com- 
municates with  the  eduction  pipe,  and  is  said  to  support  a 
vacuum  of  considerable  rarity.  Exposing  the  steam  which  is 
to  be  condensed  to  an  increased  surface  by  passing  it  along 


Digitized  by 


Google 


^ 

't^ 

>% 

n 

•* 

■^ 

^ 

u 

^ 

^ 

^ 

.N 

'^ 

r 


t=D- 


f^ 


^-^ 


Digitized  by  VjOOQIC 


Digitized  by  VjOOQIC 


Digitized  by  VjOOQIC 


T\x^'^^^^'L\':l'J^  :e:^[;:l^'^r 


/'/.: 


Fuf.  20  3 


"r^t^ 


Digitized  by  VjOOQIC 


AND  MACHINIST.  215 

tubes  surrounded  by  water,  or  amongst  tubes  containing 
water,  has  likewise  been  frequently  adopted.  Indeed  the 
exposure  of  considerable  surface  to  receive  heat  in  the  gene- 
ration of  steam,  and  the  same  to  abstract  it  in  condensation, 
have  been  subjected  to  frequent  trial.  That  an  advantage 
is  to  be  procured  by  the  adoption  of  such  plans  is  undoubted ; 
but  to  attain  such  increased  surface  an  intricacy  in  the  parts, 
we  fear,  must  be  adopted,  which  will  more  than  counterba- 
lance the  advantages  gained. 

The  valves,  or  those  parts  of  an  engine  which  direct  the 
distribution  of  the  steam,  have  always  had  the  attention  of 
engineers,  and,  as  we  have  shown,  many  elegant  combina- 
tions have  resulted  from  their  ingenuity. 

In  running  a  steam-engine,  attention  should  be  given  to  the 
working  parts.  The  cylinder  should  be  packed  with  clean 
hemp  and  the  best  tallow,  and  frequently  examined  to  6ee 
that  the  packing  is  in  order.  The  steps  of  the  fly-wheel, 
shaft,  and  of  the  crank,  beam,  &c.  should  be  frequently  ex- 
amined, and  kept  well  oiled  with  sperm  oil,  which  is  the  best 
for  all  machinery.  These  parts  must  be  kept  from  dust,  and 
if  dry  grindstones  are  driven  in  the  mill,  the  dust  must  be 
carefully  boxed  off  from  the  engine.  The  use  of  sand  on 
the  floor  of  an  engine-house  should,  for  the  same  reason,  be 
dispensed  with. 

The  method  of  starting  an  engine  is,  first  to  shut  the  con- 
densing cock,  then  to  open  all  the  valves  to  let  the  steam 
pass  into  the  jacket,  into  the  cylinder,  through  the  eduction 
pipe  into  the  condenser,  and  out  at  the  blow-valve,  in  order 
to  expel  the  air  from  all  the  parts,  and  get  them  to  a  proper 
temperature,  which  will  be  shown  by  the  steam  issuing  from 
the  blow-valve ;  for  previously  to  the  parts  being  sufliciently 
warmed,  the  steam  in  its  progress  becomes  condensed. 

When  all  the  parts  arc  heated,  the  injection  water  may  be 
let  on,  and  a  vacuum  procured  on  one  side  of  the  piston, 
which  produces  instant  action. 

The  lever  of  the  throttle-valve,  which  is  ultimately  to  be 
attached  to  the  governor,  should,  on  starting  the  engine,  be 
held  by  the  hand  of  the  attendant  until  the  work  is  thrown 
on,  and  the  engine  has  acquired  regular  motion. 


Digitized  by  VjOOQIC 


216  THE  OPERATIVE  MECHANIC 


•    BROWN'S  VACUUM,  OR  PNEUMATIC  ENGINE. 

Having  concluded  our  account  of  the  steam-engine,  we 
shall  now  proceed  to  give  a  description  of  the  engine  above- 
mentioned,  which  has  recently  claimed  much  attention  from 
the  mechanical  part  of  society.     It  is  represented  in  fig.  208. 

A  A  a  Ucami  capable  of  vibrating'  upoT*  a  centre  at  B. 

C  and  Ci  two  chaniberB,  formed  of  metal,  of  sufficient  stren^  to  resist 
the  pressure  of  the  atmosphere,  (about  H  lbs,  to  the  square  inch,)  upon  its 
external  surftice,  and  having-  the  caps  C»  C^  suspended,  one  at  each  end  of 
the  beam,  capable  of  closing  each  of  these  chambers  in  an  air-light  manner. 
The  chamber  C  i  la  shown  in  section. 

E  E  and  E '  E  i  are  two  pipesi  containing-  valves  opening-  upwmrds,  lead- 
ing' and  aflbriJing"  a  communicatjon  from  the  vessels  F  and  F*  with  each  of 
tlic  chambers  C  and  C  i*  Tliesc  vesseb,  F  and  Fi,  contain  floats,  F^  F^, 
attached  to  the  beam  A  A,  by  rods  which  receive  motion  from  the  flockU;  to 
these  rods  arc  attached  the  slides  i  ^  to  close  illemately,  at  each  vibratioil] 
of  the  beam,  the  apertures  k  h.  The  pins  p  p^  attached  to  one  of  the  i 
from  the  floats,  give  motion  to  tlie  small  vibrating-  tube  R,  which  by  th©i| 
rods  Ri  Ri  attached  to  the  cranks  in  the  chamber  S,  alteniately  opens  s 
closes  the  pipes  Si  Si,  communicating-  with  the  vessels  F  and  Fi, 

D  D  IS  a  pipe  leading  from  tlie  gasometer,  branching  off  at  D  i  Di  i&t 
the  two  chambers  C  and  C  i,  for  the  purpose  of  supplying  the  g^is  thxt  i 
to  be  consumed  in  effecting  the  vacuum.    This  supply  can  be  admitted  * 
shut  oflT  by  menus  of  the  cocks  D2  D^,  which  open  and  close  by  cnink%| 
worked  by  the  movement  of  the  beam. 

G  G  two  otlier  branch -pi  pes,  supplied  with  gas  from  the  gasometer,  and? 
ending  in  a  jet  at  each  end.     By  the  idonting  direction  of  the  ends,  it 
evident,  that  tlic  flames  from  these  jets  will,  when  their  respective  orifices  ] 
hh  be  open  J  protrude  into  the  chambers  C  and  C  i , 

K  and  K 1  are  two  pipes,  affording  a  conmiunication  from  the  outer  air  to^ 
the  Interior  of  each  of  the  chambers  C  and  C  i ;  their  outer  ends  are  capa- 
ble of  being  closed  by  means  of  the  cranks  n  ri,  which  are  attached  by  chaitis 
to  the  floats  Fa  F2  . 

The  mode  of  operation  consists  in  allowing  the  gas  to  paaa  from  the ) 
gasometer  nlong  one  of  the  branches  of  the  pipe  D  D,  and  thence  into  one  i 
of  the  chambers  C  or  Ci,  (suppose  Ci ,)  where,  by  the  jet  of  ignited  nfl 
playing  in  the  orifice  A,  it  becomes  ignited,  and  by  its  combustion  raTe£cal| 
and  expels  a  considenible  portion  of  Uie  atmospheric  air  from  tliat  chamber.  1 
Suppose  now  the  cap  of  the  chamber  be  put  down,  and  by  tl^c  movement* 
of  the  rod  attached  to  tiie  float  tlie  orifice  It  and  gas-pipe  D  be  closed,  thej 
combustion  will  immediately  cease,  and  leave  therein  a  partial  vacuum.  Thei 
atmosphere  beginning  now  to  press  upon  the  vessel  F,  will  cause  so  much  J 
of  the  water  to  pass  from  it  into  the  chamber  C  i  aa  will  nearly  compensate! 
the  vacuum,  when  the  valve  through  which  the  water  passed  being  clo4edf| 
and  communication  between  the  interior  of  Oic  chamber  and  the  open  aif  j 
effected  by  the  opening  of  Kt,  the  water  contained  in  the  chamber  flowt  ' 
from  thence  through  the  aperture  t/,  and  aflbrds  power,  by  its  f:dl  and 
weight,  to  the  overshot  wutcr-wheel  W.  From  hence  it  passes  into  the 
vessel  S,  and  iiually  m  admitted  liy  Si  Si  into  F  or  Fit  leaving  the  en- 
gine in  a  coudilion  to  renew  the  operation. 
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Bj  iaq>ectiiig  tlie  pkte  it  will  be  seeiiy  that  when  the  cap  of  one  cham- 
ber crossety  the  several  openings  to  the  same  chamber  dose  with  it  {  and 
bj  the  rising  of  the  other  end  of  the  beam  the  similar  openings  to  the 
other  chunber  are  opened,  and  prepared  for  a  like  operation.  It  will  also 
be  seen  that  the  production  of  tnis  motion  is  attuned  by  the  rinng  of  the 
two  floats  in  the  chambers  F  and  F> . 

The  adfantages  to  be  derived  from  this  engine,  as  detailed 
in  the  descriptife  outline  of  the  inventor,  are, 

First,  ^  The  quantity  of  gas  consumed  being  very  small,  the 
expense  of  working  the  eneine  is  moderate.  In  its  applica- 
tion on  land  the  saving  will  be  extremely  great,  the  cost  of  the 
coal  gas,  (deducting  the  value  of  the  coke,)  being  inconside- 
rable. The  expense  of  working  a  marine  engine  will  cer- 
tainly be  greater,  as  the  gas  used  for  that  purpose  must  be 
extracted  from  oil,  pitch,  tar,  or  some  other  substance  equally 
portable,  yet  even  in  this  case,  it  will  not  equal  the  cost  of 
the  fuel  required  to  propel  a  steam-boat ;  and  as  a  few  butts 
of  oil  will  be  sufficient  for  a  long  voyage,  vessels  of  the  largest 
tonnage  may  be  propelled  to  the  most  distant  parts  of  the 
world. 

Secondly,  ^^The  engine  is  light  and  portable  in  its  construc- 
tion, the  average  weight  being  less  than  one-fifth  the  weight 
of  a  steam-engine,  (and  boiler,)  of  the  same  power.  It  also 
occupies  a  much  smaller  space,  and  does  not  require  the 
erection  of  so  strong  a  building,  nor  of  a  lofty  chimney.  In 
vessels,  the  saving  of  tonnage  will  be  highly  advantageous, 
both  in  the  smaller  comparative  weight  and  size  of  the  enginci 
and  in  the  very  reduced  space  required  for  fuel. 

Thirdly,  **  This  engine  is  entirely  free  firom  danger.  Ab 
haikrhemg  used^  explosions  cannot  take  place,  and  as  the 
quantity  of  gas  consumed  is  so  small,  and  the  only  pressure 
that  of  the  atmosphere,  it  is  impossible  that  the  cylinder  can 
burst,  or  the  accidents  incidental  to  steam-boats  occur. 

"  The  power  of  the  engine,  (being  derived  from  the  atmo- 
aperic  pressure  of  ten  pounds  and  upwards  upon  the  square 
inch,)  may  be  increased  with  the  dimensions  ot  tne  cylinders, 
to  any  extent,  and  always  ascertained  by  a  mercurial  gauge. 

^*  It  is  scarcely  necessair  to  allude  to  the  well-known  fact, 
that,  after  deducting  the  friction  arising  from  the  use  of  the 
air  and  cold-water  pumps,  &c.  &.c.  the  general  available 
power  of  the  condensing  steam-engine  is  from  seven  to  eight 
popnds  per  square  inch. 

''The  cost  of  the  machine  will  be  morei  particularly  as  con- 

etrudedfor  rairing  water;  it  is  therefore  peculiarly  adapted 

for  draininff  fens,  &c.  or  supplying  reservoirs.    The  expense 

of  wear  and  tear  will  also  be  considerably  less  than  that  of  the 
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steam-engine,  and  when  occasionally  out  of  order,  it  may  be 
repaired  at  a  trifling  cost,  and  with  but  little  delay." 

In  examining  the  effects  of  this  engine,  we  cannot  to  a 
certain  extent  withhold  our  approbation;  for  the  patentee 
has  undoubtedly  effected  and  applied  a  vacuum,  produced 
by  ignition,  in  a  manner  different  and  more  manageable  than 
.any  attempts  that  have  hitherto  come  to  our  knowledge. 
The  probability  of  its  entering  efficiently  into  competition 
with  the  steam-power,  is  a  question  that  requires  the  data  of 
experience,  which,  in  this  early  state  of  the  invention,  can- 
not be  procured. 

We  understand  it  is  the  intention  of  the  inventor  to  apply 
the  effects  of  the  vacuum  thus  produced  to  the  movement  of 
a  piston  in  a  cylinder,  which  object  will,  when  attained, 
afiord  a  much  greater  scope  for  the  application  of  its  powers, 
and  render  it  peculiarly  applicable  to  locomotion.  The 
obstacle  which  at  present  suggests  itself  to  the  attainment 
of  this  end  is,  the  difficulty  of  procuring  a  rapid  condensa- 
tion without  allowing  cold  water  to  enter  the  cylinders  at 
each  stroke,  which  in  the  present  form  of  construction  is 
allowed,  and  which  greatly  aids  the  operation  by  keeping 
the  chambers  entirely  cool.  Without,  however,  seeking  for 
obstacles,  we  wish  the  ingenious  inventor  success  in  sur- 
mounting them. 


ON  THE  STRENGTH  OF  MATERIALS. 

An  accurate  knowledge  of  the  following  experiments 
niade  by  Mr  George  Rennie,  Jun.  and  communicated  by 
him  in  a  letter  to  Thomas  Young,  M.D.  For.  Sec.  R.S.  is 
of  so  much  importance  in  the  construction  of  machines, 
that  we  have  extracted  it  from  the  Transactions  of  the  Royal 
Society,  to  which  we  have  annexed  some  useful  notes  by 
Mr  T.  Tredgold. 

<<  In  presenting  the  result  of  the  following  experiments," 
says  Mr  Rennie,  '^  I  trust  I  shall  not  be  considered  as  devi- 
ating from  my  subject,  in  taking  a  cursory  view  of  the  labours 
of  others.  The  knowledge  of  the  properties  of  bodies  which 
come  more  immediately  under  our  observation,  is  so  instru- 
mental to  the  progress  of  science,  that  any  approximation  to 
it  deserves  our  serious  attention.  The  Royal  Society  appears 
to  have  instituted,  at  an  early  period,  some  experiments  on 
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Uftis  sabject,  but  they  have  recorded  little  to  aid  us.  Emerson, 
in  his  Mechanics,  has  laid  down  a  number  of  rules  and 
approximations.  Professor  Robison  in  his  excellent  treatise 
in  the  EncydapiBdia  Britcmntcaf  Banks  on  the  Power  of 
Machines,  Dr  Anderson  of  Glasgow,  Colonel  Beaufojr,  &c. 
are  those,  amongst  our  countrymen,  who  have  given  the 
remit  of  their  experiments  on  wood  and  iron.  The  subject, 
however,  appears  to  have  excited  considerable  attention  oa 
the  continent.  A  theory  was  published  in  the  year  1638,  by 
Galileo,  on  the  resistance  of  solids,  and  subsequently  by  many 
other  philosophers.  But  however  plausible  these  investiga* 
tions  appeared,  they  were  more  theoretical  than  practical,  as 
will  be  seen  in  the  sequel.  It  is  only  by  deriving  a  theory 
from  careful  and  well  directed  experiments,  that  practical 
results  can  be  obtained.  It  would  be  useless  to  enumerate 
the  labours  of  those  philosophers,  who,  in  following,  or  vary- 
ing from  the  steps  of  Galileo,  have  merely  tended  to  obscure 
a  subject  respecting  which  they  had  no  data  to  proceed  upon. 
It  is  sufficient  to  enumerate  the  names  of  those  who,  in  con- 
junction with  our  own  countrymen,  have  added  their  labours 
to  the  little  knowledge  we  possess.  The  experiments  of 
Buffon,  recorded  in  the  Annals  of  the  Academy  of  Sciences  at 
Pam,  jin  the  years  1740  and  1741,  were  on  a  scale  sufficiently 
large  to  justify  every  conclusion,  had  he  not  omitted  to  ascer- 
tain the  direct  and  absolute  strength  of  the  timber  employed. 
It  however  appeared  from  his  experiments,  that  the  strength 
of  the  ligneous  fibre  is  nearly  in  proportion  to  the  specific 
gravity.  Muschenbroek,  whose  accuracy  (it  is  said)  entitled 
him  to  confidence,  made  a  number  of  experiments  on  wood 
and  iron,  which,  by  being  tried  on  various  specimens  of  the 
same  materials,  afforded  a  mean  result  considerably  higher 
than  other  previous  authorities.  Experiments  have  also  been 
made  by  Mariotte,  Varignon,  Perronet,  Ramus,  Rondelet, 
Gauthey,  Navicr,  Aubrey  and  Texier  de  Norbeck,  as  also  at 
the  Ecole  Polytechniquey  under  the  direction  of  M.  Prony. 
With  such  authorities  before  us,  it  might  be  deemed  presump- 
tion in  me,  to  offer  you  a  communication  on  a  subject  which 
had  been  previously  treated  of  by  so  many  able  men.^     But 

*  It  is  true  Uiat  the  subject  has  been  considered  bj  many  able  philo- 
phersy  from  Galileo  down  to  the  present  period,  but  it  is  only  lately  that 
the  proper  object  of  attention  has  been  ascertained ;  or  at  least  the  results 
of  their  inquiries  had  not  been  brought  forward  in  a  practicable  form.  For 
when  Dr  T.  Toung  published  hb  Lectures,  there  was  little  on  the  subject 
besides  the  intricate,  and  I  may  add  unsatisfactory,  investigations  of  Baler 
and  Lagrange.    As  to  the  resistance  to  fracture,  which  with  the  greater  part 
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whoever  has  had  occasion  to  investigate  the  principles  npoo 
which  any  edifice  is  constructed,  where  the  combination  of 
its  parts  are  more  the  result  of  uncertain  rules  than  sound 
principle,  will  soon  find  how  scanty  is  our  knowledge  on  a 
subject,  so  highly  important  The  desire  of  obtaining  some 
approximation,  which  could  only  be  accomplished  by  re- 
peated trials  on  the  substances  themselves,  induced  me  to 
vedertake  the  following  experiments* 

A  bar  of  the  best  English  iron,  about  ten  feet  long*,  was  selected  and 
fi^rmed  into  a  lever,  whose  fulcnim  is  denoted  by/,  6g.  209.  The  hole  waa 
accurately  bored,  and  the  pin  turned,  which  suffered  it  to  move  freely.  The 
standard  A  was  firmly  secured  by  the  nut  c  to  a  strong  bed  plate  of  cast- 
iron,  made  firm  to  the  ground.  The  lever  was  accurately  divided  in  its 
lower  edge,  which  was  made  straight  in  a  line  with  the  fulcrum.  A  point, 
or  division  B,  was  selected,  at  five  inches  from  the  fulcrum,  at  which  place 
was  let  in  a  piece  of  hardened  steeL  The  lever  was  balanced  by  a  weighty 
and  in  this  state  it  was  ready  for  operation.  But  in  order  to  keep  it  as  ler^ 
as  possible,  a  hole  was  drilled  through  a  projection  on  the  bed  plate,  lai^ge 
enough  to  admit  astout  bolt  easily  through  it,  which  again  was  prevented  from 
turning  in  the  hole  by  means  of  a  tongue  /fitting  into  a  corresponding  groove 
in  the  hole.  So  that,  in  order  to  preserve  the  level,  we  had  only  to  move 
the  nut  to  elevate  or  depress  the  bolt,  according  to  the  size  of  the  specimen. 
But  as  an  inequality  of  pressure  would  still  arise  from  the  nature  of  tbe 
«>paratus,  the  body  to  be  examined  was  placed  between  two  pieces  of  steel, 
the  pressure  being  communicated  through  the  medium  of  two  pieces  of  thick 
learner  above  and  below  the  steel  pieces,  by  which  means  a  more  equsJ 
contact  of  surfaces  was  attained.  The  scale  was  hung  on  a  loop  of  iron, 
touching  the  lever  in  an  edge  only.  I  at  first  used  a  rope  ftM'  the  balance 
weight,  which  indicated  a  friction  of  four  pounds,  but  a  chain  diminished 
the  friction  one-half.  Every  movable  centre  was  well  oiled.  Of  the  resists 
ances  opposed  to  the  simple  strains  which  may  disturb  the  quiescent  state 
of  a  body,  the  principal  are  the  repulsive  force,  whereby  it  resists  com- 
pression, and  the  force  of  cohesion,  whereby  it  resists  extension*  On  the 
former,  with  the  exception  of  the  experiments  of  Gauthey  and  Rondelet,  on 
stones,  and  a  few  others,  on  soft  substances,  there  is  scarcely  any  thing  on 
record.  In  the  memoir  of  M.  Lagrange,  on  the  force  of  springs,  publiSied 
in  the  year  1760,  the  moment  of  elasticity  is  represented  by  a  constant 
quantity,  without  indicating  the  relation  of  this  value  to  the  nze  of  the 
spring:  but  in  the  memoir  of  the  year  1770,  on  the  forms  of  columns,  where 
he  considers  a  body  whose  dimensions  and  thickness  are  variable,  he  makes 
the  moment  of  elasticity  proportional  to  the  fourth  power  of  the  radius,  in  ob- 
serving the  relations  of  theory  and  practice  to  accord  with  each  other.  This 


of  mechanical  wters  is  the  only  object  attended  to,  it  is  of  very  inferior  im- 
portance. 

The  kws  of  flexure  constitute  the  chief  g^ide  in  the  construction  of  build- 
ing^; and  the  intention  of  these  notes  is  to  call  the  attention  of  experimental- 
ists to  this  part  of  the  subject;  and  as  it  is  probable  the  ingenious  author  of 
the  experiments  now  before  me  may  be  tempted  to  resume  his  labours,  I  feel 
certain  that  he  will  not  feel  displeased  to  have  his  attention  called  to  some  in- 
teresting points  of  inquiry,  which  he  has  either  neglected  to  notice,  or  has 
not  given  to  the  public— T.  T. 
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wmB  udmitted  b^  Enler  in  his  memoir  of  1780,  in  his  elabonte  inrestigstioii 
of  the  forms  of  coktroDS.  Mr.  Coulomb  had  howerer  shown  before  that 
timej  how  inapplicable  all  these  calculations  were  to  columns  under  com- 
mon orcumstsuices;  and  you,  sir,  have  repeated  the  observation  in  your 
lectures  on  natnnd  philosophy.  The  results  of  experiments  have  also  been 
eqoalfy  discordant;  since  it  is  deduced  from  those  of  Reynolds,  that  the 
power  required  to  crush  a  cubic  quarter  of  an  inch  of  castpiron  is  448000 
pounds  avoirdupoise,  or  200  tons{  whereas  by  the  average  of  thirteen  ex- 
periments made  by  me  on  cubes  of  the  same  size,  the  amount  never  exceeded 
10393.53  lbs.  not  quite  ^yre  tons.  This  may  be  seen  by  referrinr  to  the 
tables.  There  were  four  kinds  of  iron  used,  vix.  1.  Iron  taken  from  the 
centre  of  a  large  block,  whose  crystals  were  similar  in  appearance  and 
magnitude  to  those  evinced  in  the  fracture  of  what  is  usually  termed  gun- 
ipetaL  3.  Iron  taken  fh>m  a  small  casting,  close  g^ned,  and  of  a  dull 
jl^rey  colour.  3.  Iron  cast  horizontally  in  bars  of  three-eighths  of  an  inch 
square,  8  inches  long.  4.  Iron  cast  vertically,  same  size  as  last.  These 
casting  were  reduced  equally  on  every  side  to  i  of  an  inch  square:  thus 
removing  the  hard  external  coat  usually  surrounding  metal  castings.  They 
were  all  subjected  to  a  gauge.  The  bars  were  then  presumed  to  be  tolerabW 
uniform.  The  weights  used  were  of  the  best  kind  that  could  be  procured, 
and  as  the  experiment  advanced,  smaller  weigfhts  were  used. 

ExperimenU  on  eati-mn  in  eube$  ofi  of  an  ineht  Ue. 

Iron  taken  from  the  block  whose  qiecific  gravity  was  7.033 

Averu^es.  lbs.  avoir. 

C*X* 1454 

1439.66 -<4X* 1416 

Ox* 1449 

On  spedmens  of  different  lengths.    Specific  gravity  of  iron  6.977. 

«16     \^i 2310 

ix/9  sGpped  with  1863  lbs.  filed  fla^  and   crushed 

'     '        with  2263 

JX}  ditto  -    1495 ditto 2005 

1758.5^^X1  ditto 1407 

^1x1  ditto 1743 

'x*  ditto 1594 

Sxi  ditto  -        -       - 1439 

Jlpnl  23^  1817.      Experiment  on  cubes  of  i  of  an  ineh  taken  from  the 

block, 

}xJ     ;    :    I   I    -    -    ."    -'   ]  9917 

Ixi  9020 

CaeHngs,  horumtoL    Speeifie  gravity  7 .113. 

•iv*  • 10432 

f  Oj 10720 

10114  ^|><| 10605 

-  Xi '*    ^^99 

Fertical  eastings,    Spedjie  gravity  7.074. 
ixi  bottom  of  vertical  bar  -        -        -      -12665 

xZx  . 10950 

IJI  . 11088 

11136  75^  ixi  "        •        *"        '"        *.**    9844 

ixi  fiill  •'>z«*    Scale  broke  with  10294;  tried 

•  11006 


u> 


again 
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Avenges.  lbt»airoir. 

A  prism,  having  a  logftrithniic  cunre  for  its  Hmits^  resendftliag 
a  column  { it  was  i  of  an  inch  diameter  br  one  inch  long»  broke 
with  -  -  -  .       6954 

Jkfnl2Bih,     Triak  m  pruma  of  diffarmU  kngA$. 

^        iiXi  ditto         ........    9374 

iXi  ditto,  bad  trial»  9006  B>s.  .... 

ooft9  «  J  *X*  vertical 593S 

^^"iixi  ditto         .......        -10027 

jSprii  29th.    HarkmUd  Ctutk^. 

iXl 9006 

ixf •  8845 

iXj -  8365 

ixi  •        - -  6430 

iXg  or  one  inch  long       ...•.-  632i 

Vertical  Castmgg. 

ixl 9323 

iXt 8385 

ixS  a  small  defect  in  the  specimen  -        -    7896 

iXj 7018 

ixj  or  one  inch -        -    6430 

Experimenis  on  different  metait, 
ixi  cast  copper,  crumbled  with       ....    73I8 
ixi  fine  yellow  brass  reduced  ^  with  3213.  i  with      10304 
iXi  wroughtcopper       -        ^^         3427.*  -    6440 

iXioastto  -       •        li  552.*  -      966 

*X*  cast  lead J  -      483 

The  anomaly  between  the  three  first  experiments  on  4  eubes^  and  the 
two  second  of  a  different  length,  can  only  be  accounted  for»  on  the  diffi* 
colty  of  reducing  such  small  specimens  to  an  equality.  The  experiments 
on  *  inch  prisms  of  different  lengths  give  no  ratio^  The  experiments  on 
*  inch  cubes,  taking  an  average  of  the  three  first  in  each,  give  a  propor- 
tion between  them  and  the  three  on  *  cubes, 

as  1  :  6.096  in  the  block  casting 
as  1  :  7.352  in  the  horizontal  ditto 
as  1  :  8.035  in  the  vertical  ditto, 
in  severs!  esses  the  proportion  is  as  the  cubes. 
The  vertical  cube  castings  are  stronger  than  the  horizontal  cube  csstinn. 
The  prisms  usually  assumed  a  curve  similar  to  a  curve  of  the  third  order 
previous  to  breaking. 

The  experimeots  on  the  different  metals  give  no  satisfac- 
tory results.  The  difficultj  consists  in  assigning  a  valae 
to  the  different  degrees  of  diminution.  When  compressed 
beyond  a  certain  thickness,  the  resistance  becomes  enormous^ 

Eaqierinunta  on  the  stupendon  ofharo. 

The  lever  was  used  as  in  the  former  case,  but  the  metals  were  held  by 
nippers.  They  were  made  of  wrought  iron,  and  their  ends  adapted  to  re- 
ceive the  bars,  which,  by  being  tapered  at  both  extremities,  and  increasing 
in  diameter  from  the  actual  section,  (if  I  may  so  express  it,)  and  the  jaws 
uf  the  nippers  being  confined  by  a  hoop,  confined  both.  The  bars,  which 
were  six  inches  long,  and  i  square,  were  thus  fidriy  and  firmly  grasped. 
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No.  April,  30, 18ir. 

45  1  inch,  CMt  iron  bar,  hcmzontal       -  -  ll^^iioo  r  lu. 

46j<to  do  vertical    -        -  .  msr^^^-^^*^*- 

47  i  do  cast  steel  preyioualy  tilted        -  •  8391 

48  i  do  bliater  ateel*  reduced  per  hammer  -  8332 
49idoahear8teel,       do       4p  -       -  -7977 

50  i  do  Swediah  iron»  do        do  -        -        -  4504 

51  i  do  English  iron,  do  do-  -  -3492 
52|dohaidgnn-metal,meanoftwotriab  -2273 
53 1  do  wrou^tcopper^reduced  per  hammer  2112 

54  J  do  cast  copper,     -        •        -        -       -1192 

55  i  do  fine  yellow  bms       -        »        -        -1123 

56  i  do  cast  tin 296 

57  i  do  cast  lead -    114 

Bematta  on  the  kuf  experimental 

The  ratio  of  the  repidsion  of  the  horizontal  cast  cubes  to  the  cohesion  of 
horizontal  cast  bars,  is  8.65  : 1. 

The  ratio  of  the  vertical  cast  cubes  to  the  cohenon  of  the  vertical  cast  bars, 
is  aa  9.14:1. 

The  average  of  the  bars,  compared  with  the  cube.  No.  16,  is  as  10.611  : 1. 

The  other  metals  decrease  in  stredg^  from  cast  steel  to  cast  lead. 

The  stretching  of  all  the  wrought  bars  indicated  heat. 

The  fracture  of  the  cast  bars  was  attended  with  very  little  (Uminution  of 
section,  scarcely  sensible. 

The  experiment  made  by  M.  Prony,  (which  asserts,  that  by 
making  a  slight  incision  with  the  file,  the  resistance  is 
diminished  one-half,)  was  tried  on  a  i  inch  bar  of  English 
iron ;  the  result  was  2920  lbs.  not  a  sixth  part  less. 

This  single  experiment,  however,  does  not  sufficiently  dis- 
proYe  the  authority  of  that  able  philosopher,  for  an  incision 
is  but  a  vague  term.  The  incision  I  made  might  be  about 
the  fortieth  part  of  an  inch. 

Esq^enmenis  im  the  iwUt  of  i  meh  bar». 
To  effect  the  operation  of  twisting  off  a  bar,  another  apparatus  was  prepar- 
ed: it  consisted  of  a  wroujrht4ron  lever  two  feet  long,  having  an  arched  head 
about  l-6th  of  a  circle,  of  (bur  feet  diameter,  of  which  the  lever  represented 
Uie  radius;  the  centre  round  whichit  moved hadasquare  hole  made  to  receive 
the  end  of  the  bar  to  be  twisted.  The  lever  was  balanced  as  before,  and  a 
scale  hnnr  on  the  arched  head;  the  other  end  of  the  bar  being  fixed  in  a 
•quare  hole  in  a  piece  of  iron,  and  that  again  in  a  vice.  The  undmtientioned 
weights  represent  Uie  quantity  of  weight  put  into  the  scale. 

May30,18ir. 
On  twists  dose  to  the  beating,  cast  horizontaL 
No.  lbs.  oz. 

58  ^  in  bars,  twisted  as  under  with  -       -       -  10  14  in  the  scale. 
59 1  do  bad  casting 8    4 

^^do 10  11 

Average    9  15 
Cast  verticaL 
611 10    8 

62  I 10  13 

63  J 10  11 

Average    10  10 
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On  different  metals. 
No.  lbs.  OK. 

64  Cart  steel 17    9  in  the  acilc. 

65  Sheer  steel IT    1 

66  Blister  steel 16  11 

67  English  iron,  wrought       -  «  -        •       -  10    2 

68  Swedish  iron  wrought        -        -        -        -    9    8 

69  Hard  gun-metal 50 

70  Fine  yellow  brass 4  11 

71  Copper,  cast 45 

72  Tm 17 

73  Lead 10 

On  twists  of  tUffetent  lengths. 
HorizontaL  YerticaL 

No.  Weight  in  scale.       No.  Weight  in  toale. 

74jbyJlong  -  7    3      1     77  i  by  i  do.  -    10     1 

75i  by}  do.  -  8    1  78  J  by  |  do.  -      8    9 

76  i  by  1  inch  do.       -  8    8      |      79  i  by  1  inch  do.  -      8    5 

Horizontal  twisto  at  6  from  the  bearing. 

80  i  by  6  inches  long  -  -  -  -  •    10    9 

81  i  by  do.  do.  -  -  -  -  -  -94 

82  J  by  do.  do. -      9    7 

Twista  of  i  inch  square  bars,  cast  horizontally. 
No.  qrs.  lbs.  oz. 

83  i  close  to  the  bearing  -  -        3    9  12  end  of  the  bar  hanL 

84  I  do.  •  -  -  -2  18    0  middle  of  the  bar. 

85 1  at  10  inches  from  bearing,  lerer  in  the  7^  24    q 
middle  *  *  -  5 

On  twists  of  different  materiab. 
These  experimenU  were  made  close  to  the  bearing,  and  the  weighta  weie 
accumulated  in  the  scale  until  the  substances  were  wrenched  asunder. 
No.  Weight  in  scale.    No.  Weight  in  sode. 

86  Cast  steel  .  ^^     "  '  '  "    ' 

87  Shear  steel 

88  Blister  steel 

89  English  iron.  No.  1 

90  Swedish  iron 

Stfnorks* 
Here  the  strength  of  the  vertical  bars  still  predominates. 
The  average  of  the  two  taken  conjointly,  and  compared  with  a  nmikr 
case  of  \  inch  bars,  gives  the  ratio  as  the  cubes,  as  was  anticipated. 

In  the  horizontal  castings  of  different  lengths,  the  balance 
is  in  favour  of  the  increased  lengths ;  but  in  the  vertical  cast- 
ings, it  is  the  reverse.  In  neither  is  there  any  apparent  ratio. 
In  the  horizontal  castings  at  six  inches  from  the  bearing, 
there  is  a  visible  increase,  but  not  so  great  as  when  close  to 
the  bearing. 

June  4^  1817.    IfisodZimaNit  experiments  on  ike  arush  of  one  eubie  mdL 
No.  lbs.  avoir. 

96  Elm 1284 

97  American  pine       --....  1606 

98Whitedeal 1928 

99  English  oak,  mean  of  two  trials    .  .  •  .  3860 

}00  Ditto,  of  6  inches  long,  slipped  with         •  •  2573 


19    9 

91  Hard  gun  metal- 

5    0 

17    1 

92  Fine  yellow  brass 

4  11 

16  11 

93  Copper 

4    5 

10    2 

94Tin    . 

1    7 

9    8 

95Lead 

1    0 
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No.  lbs.  iToiBiapoiae. 

101  Engiish  oak,  of  four  inches  long,  slipped  with        •        .        ,  5147* 

103  A  prism  of  Portland  stone,  3  inches  Ion|^    ....  805 

103  Bitto,  statuary  marble 3216 

104  Craig  Leith 8688 

In  the  followinc^  experiments  on  stones,  the  pressure  was  communicated 

through  a  kind  of  pyramid,  the  base  of  which  rested  on  the  hide  leather, 
and  that  on  the  stone.f    The  lever  pressed  upon  Ike  apex  of  the  pyramid* 
Cubes  of  one  and  a  half  inch. 
No.  8pee.  gnv.  Ibe.  avoif . 

105  ChnXk 1127 

106  Brick  of  a  pale  red  colour           ....        2.085  1265 

107  Roe-stone,  Gloucestershire 1449 

108  Ked  brick,  mean  of  two  trials      .         .        .        .        2.168  1817 

109  Tellow  face  baked  Hammersmith  payiors,  3  times    .  2254 

110  Burnt  do.  mean  of  two  trials                .        .        .  3243 

111  Stourbridge  or  fire  brick 3864 

112  Derby  grit,  a  red  friable  sand-stone      .        .        .        2.316  7070 

113  Ditto  from  another  quarry 2.428  9776 

114  Killaly  white  free-stone,  not  stratified           .                2.423  10264 

115  Portland 2.428  10284 

116  Csaig  Leith,  white  free-stone               .        .        .        2.452  12346 

June  5,  6,  and  7,  1817. 

117  Yorkshire  pmng  with  the  strata                              .    2.507  12856 

118  Ditto            do.      ac^nst  the  strata      «        .        .        2.507  12856 

119  White  statuary  marble  not  Teined            .                .    2.760  13632 

120  Bramley  Fall  sand-sone,  near  Leeds,  with  strata  .        2.506  13632 

121  Ditto,  against  the  strata 2.506  13632 

122  Cornish  granite 2.662  14302 

123  Dundee  sand-stone  or  brescia,  two  kinds          •        .    2.530  14918 

124  A  two-mch  cube  of  Portland        ....        2.423  14918 

125  Craig  Leith  with  the  strata 2.452  15560 

126  Devonshire  red  marble,  variegated 16712 

127  Compact  lime-stone 2.584  17354 

128  Peterhead  granite  hard  close  grained           .        •         .^...  18636 

129  Bhu;k  compact  lime-stone,  limerick       .        .        .3.598  19924 

130  Purbeck 2.599  20610 

131  Black  Brabant  marble 2.697  20742 

132  Very  hard  free-stone 2.528  21254 

133  White  Italian  veined  marble             ....    2.726  21783 

134  Aberdeeil  granite,  bhie  kind        ....        2.625  24556 
N.B.  The  specific  gravities  were  taken  with  a  delicate  balance,  made  by 

Creightoa  of  Glasgow,  all  with  the  exception  of  two  specimens,  which 
were  by  accident  omitted. 

RemarkB. 

In  observing  the  resolts  presented  by  the  preceding  table, 
it  will  be  seen  that  liitle  dependence  can  be  placed  on  the 

•  The  experiments  on  woods  are  considerably  below  those  of  other  wri- 
ters, and  it  appears  singular  that  the  four-inch  specimen  should  be  stronger 
than  the  shorter  length.  According  to  Rondelef  s  experiments,  to  cruu  a 
cubic  inch  of  oak  it  required  from  5000  to  6000  lbs.  avoirdupoise, 

of  fir      .  from  6000  to  7000  lbs. 

In  the  former  the  pieces  were  cpmpressed  one-third  of  their  leng^ ;  in  the 
latter  one-half  of  their  length,  (Rondelet's  L*Art  k  BdUr^  tom.  iv.  p.  CfT*) 
Mr  llennie  has  not  stated  the  diminution  of  length. 

t  It  certainly  would  have  been  preferable  to  have  placed  a  hard  and  rigfid 
substance  next  the  stone,  in  order  to  secure  equality  of  pressure. 
2D 
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fpecific  grayities  of  stone,  so  far  as  reffards  their  repulsive 
powers,  although  the  increase  is  certainly  in  favour  of  their 
specific  gravities.  But  there  would  appear  to  be  some  unde- 
fined law  in  the  connection  of  bodies,  with  which  the  specific 
gravity  has  little  to  do.  Thus,  statuary  marble  has  a  specific 
gravity  above  Aberdeen  granite,  yet  a  repulsive  power  not 
much  above  half  the  latter.  Again,  hardness  is  not  altoge- 
ther a  characteristic  of  strength,  inasmuch  as  the  lime-stones, 
which  yield  readily  to  the  scratch,  have  nevertheless  a  repul- 
sive power  approaching  to  granite  itself. 

It  is  a  curious  fact  in  the  rupture  of  amorphous  stones, 
that  pyramids  are  formed,  having  for  their  base  the  upper 
side  of  the  cube  next  the  lever,  the  action  of  which  displaces 
the  sides  of  the  cubes,  precisely  as  if  a  wedge  had  operated 
between  them.  I  have  preserved  a  number  of  the  specimens, 
the  sides  of  which,  if  continued,  might  cut  the  cubes  in  the 
direction  of  their  diagonals. 

EsBperimenU  made  on  the  tnmtverst  riram  of  eatt  ban^  the  ends  booe,    Jime 

m,  isir/ 

Wei{^tofUiedl8t.orbMitiCL  IbA. 

135  Bar  of  1  inch  squire 

136  CDo.  of  1  inch  do.         ... 

137  d  Half  the  above  bar 

138  C  Bar  ofl  inch  8quareithroug;h  the  diagonal 

139  d  Half  the  above  bar 

140  CBar  of  2  inches  deep,  by  i  inch  thick 

141  d  Half  the  above  bar 


ban,  lbs.  ox. 

ft.    in. 

•voir. 

.     12     6 

3     0 

897 

9     8 

2    8 

1086 

.      •.  •. • 

1    4 

2320 

nal      2    8 

2    8 

851 

.     •  •  • .. 

1    4 

1587 

9    5 

2    8 

2185 

•      •  •  • .. 

1    4 

4508 

*  A  bar  of  cast-iron,  from  a  Welsh  foundry,  which  did  not  yield  easily  to 
the  file,  was  laid  upon  supports  exactly  three  feet  apart;  the  bar  was  an  inch 
square,  and  when  308  poun4B  were  put  into  a  scale  suspended  from  the  mid- 
dle of  its  lenffth,  the  deflexion  was  found  to  be  3-16ths  of  an  inch;  whence 
the  height  of  the  modulus  of  elasticity  is  6,386,688  feet.  The  experiment 
was  made  by  Mr  R.  Ebbels,  at  Gamons,  nea^  Hereford.  A  joist  of  cast- 
iron,  nine  inches  deep,  resembling  in  form  the  letter  f,  was  laid  upon  sap- 
ports  19  feet  iM^«rt,  first  on  its  edge,  wben  the  deflexion  from  its  own  weight 
was  3-40ths  of  an  inch.  It  was  then  laid  flatwise,  and  the  deflexion  from 
its  own  weight  was  3}  inches.  The  castiiu^  were  from  Messrs  Dowsona's 
foundry,  Edgware-road.  The  iron  yielded  easily  to  the  file.  The  height 
of  the  modulus  of  elasticity  according  to  the  experiment  on  the 
joist  flatwise  is  5,100,000  feet, 

on  the  edge  is  5,700,000  feet. 

The  deflenon  being  very  small  when  the  joist  was  on  its  edge,  perhaps  it  wis 
not  measured  with  the  necessary  degree  of  accuracy,  as  a  very  small  error 
would  cause  the  diflerence  in  the  result.  The  following  tablet  contains  the 
value  of  the  modulus  for  cast-iron,  according  to  the  experiments  above  stated. 

Height  of  mo4alat  in  feet.   Experimentalistf. 

Cast-iron  (Welsh)  .        .    6,386,688  Ebbels. 

Cast-iron 3,500,000  Banks. 

Cast-iron,  gray  French  .        .     5,095,480  Bondelet. 

Cast.ht>n,  soft     do.  4,247,000  Rondelet. 

Cast-iron 5,700,000  By  my  trial. 
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weight  of  the  dii.  ofbetringt.  lbs. 
ban,    lbs.  oz.       it  io.         avoir. 

142  C  Bar  3  inches  deep,  by  )  inch  thick  9    15        2    8  3588 

143  ^halfthebar  1    4  6854 

144  Bar  4  inches,  bj  i  inch  thick     .        .  9     7        3    8  3979 

145  Equilateral  triangles  with  the  angle  up  and 

down. 

146  rEdge  or  angle  up      .        .  •        9    U        2    8*    1437 

147  j angle  down  .        •  9     7        2    8  840 

148  "S  Half  the  first  bar 1    4  3059 

149  i.Halfthe  second  bar       •  1    4  1656 

150  A  feather-edged  or  j.  bar  was  cast  whose  dimensions  were 

151  C  2  inches  deep  by  2  wide      •        .10    0  edge  up  2    8  3105 

152  ihalf  of  ditto 

N.  B.  All  these  bars  contained  the  same  area,  though  differently  distri- 
buted as  to  their  forms. 

ExperimenU  made  on  the  bar  of  ^  inehee  deep  hy  \  inch  thicks  hy  gkringiidif' 

ferent  forms,  the  bearings  at  2  feet  8  inehee,  oibemt. 
No.  "^         "^  -6         J  "^  lbs.  Ibi. 

153  Bar  formed  into  a  semi-ellipse,  weighed  .        7  4000 

154  Ditto,  parabolic  on  its  lower  edge        •        •        .  3860 
Ditto,  of  4  inches  deep  by  i  inch  thick            .        •                     3979 

£sqi>eriments  on  the  transoerse  strain  of  barSf  one  end  made  fad,  the  Ufeighi 
bang  suspended  at  the  other,  at  2  feet  8  kukesfrom  the  bearing. 

155  An  inch  square  bar  bore         •        .        *        .        .        •        •        280 

156  A  bar  2  inches  deep  by  i  an  inch  thick        ....  539 

157  An  inch  bar,  the  ends  made  fiist 1173 

The  paradoziod  experiment  of  Emerson  was  tried,  which  states  that  by 

cutting  off  a  portion  oifan  equilateral  triangle,  (see  page  114  of  Emerson's 
If  echanics,)  tne  bar  is  stronger  than  before,  that  is,  a  part  stronger  than  the 
whole.  The  ends  were  loose  at  two  feet  eight  inches  apart  as  before.  The 
edge  from  which  the  part  was  intercepted  was  lowermost,  the  weight  was 
,  applied  on  the  base  above,  it  broke  with  1129  pounds,  whereas  in  the  other 
case  it  bore  only  840  pounds. 

Remarks  on  the  transverse  strain. 

Banks  makes  his  bar  from  the  cupola,  when  placed  on  bearings  three 
feet  asunder,  and  the  ends  loose,  to  bear 864  lbs. 

Now  all  my  bars  were  cast  from  the  cupola,  the  difference  was  there- 
fore        33  lbs. 

I  adopted  a  space  of  two  feet  eight  inches  asunder,  as  being  more  conre- 
ntent  for  my  apparatus.  Tlie  strength  of  the  different  bars,  all  cases  being 
the  same,  approaches  nearly  to  the  theory,  which  makes  the  comparative  va- 
lues as  the  breadths  multiplied  into  the  squares  of  the  depths.  The  halves  of 
the  bars  were  tried,  merely  to  keep  up  the  analogy.  The  bar  of  four  inches 
deep,  however,  falls  short  of  theory  by  365  pounds.  It  is  evident  we  cannot 
extend  the  system  of  deepening  the  bar  much  further,  nor  does  the  theory 
exactly  maintain  in  the  case  of  the  equilateral  trians^le  by   .        .   243  lbs. 

The  diagonal  position  of  the  square  bar,  is  actually  worse  than  when  laid 
OB  its  side,  contrary  to  many  assertions. 

The  same  quantity  of  metal  in  the  feather-edged  bar  was  notso  strong  as 
in  the  four-inch  bar. 

The  semi-elliptical  bar,  exceeded  the  four-inch  bar,  although  taken  out  of 
it.     The  parabolic  bar  came  near  it. 

The  bar  made  fikst  at  both  ends,  1  suspect  must  have  yielded,  although  the 
ends  were  made  hat  by  iron  straps.  The  experiments  horn  Emerson,  on 
solids  of  different  forms,  might  be  made ;  but  the  time  and  trouble  these  ex- 
periments have  already  cost,  have  compelled  me  to  relinquish  further  pursuiu 
for  the  present.    If,  however,  in  the  absence  of  better,  they  are  worthy  of 
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tiw  indulc^ence  of  the  Roytl  Society,  it  will  not  ^nly  be  a  consolatioii  to  me 
^at  my  labours  merit  their  attention,  but  a  further  inducement  to  prosecute 
the  investigation  of  useful  facts,  which,  even  in  the  present  advanced  state 
of  knowlec^,  will  yet  admit  of  addition. 

The  science  of  construction  is  yet  in  its  infancy,  and  cer- 
tain!]^ requires  many  additions.  The  first  experiments  on  the 
strength  of  materials  appear  to  have  been  made  before  the 
Royal  Society ;  and  there  can  be  no  doubt  that  a  favourable 
reception  will  be  given  to  any  others  that  will  tend  to  eluci- 
date a  subject  which  is  likely  to  form  one  of  the  principal 
branches  of  an  engineer's  education ;  as  he  must  either  pro- 
ceed on  the  principle  of  science,  or  be  directed  by  a  feeling 
of  fitness,  which  is  to  be  acquired  only  by  devoting  a  lifi^ 
time  to  the  practice  of  his  art. 


HYDRAULIC  ENGINES. 

This  term  is  applicable  to  all  machines  driven  by  the 
force  of  water;  consequently  we  have,  under  the  article 
"  Water-mills,"  already  treated  of,  the  most  extensive  branch 
of  these  machines.  Those  which  have  now  to  claim  our 
attention,  are  such  as  could  not  with  propriety  be  introduced 
under  that  head,  and  which  are,  upon  the  whole,  of  too  much 
importance,  both  with  respect  to  the  conveyance  of  water, 
and  as  accessions  to  mechanical  combinations,  to  be  entirely 
omitted. 

1.  Of  all  the  hydraulic  machines  invented  by  the  ancients, 
though  Archimedes's  screw  is  the  most  curious,  the  tympanum 
raises  the  greatest  quantity  of  water  at  once. 

It  consists  of  a  great  hollow  wheel,  composed  of  several  planks  joined 
together,  and  well  calked  and  pitched,  forming,  as  its  name  imports,  a 
kind  of  barrel  or  drum,  and  having  an  horizontal  axle  on  whicli  it 
turns.  The  interior  is  divided  by  eight  partitions  into  as  many  equal 
spaces  or  cells,  each  of  which  has  an  onfice  of  about  half  a  foot  in  the  rim 
<n  the  drum  or  wheel,  shaped  so  as  to  facilitate  the  admission  of  the 
water :  there  are,  moreover,  eight  hollow  channels  running  contiguous 
to  each  other  and  parallel  to  the  axis  of  the  wheel,  each  corresponding  to 
one  of  the  eight  large  cells,  through  which  the  water  passes  from  the  cells 
just  mentioned,  and  after  running  along  the  channels  to  a  convenient 
distance  escapes  through  orifices  into  a  reservoir  placed  just  beneath  the 
axle  of  the  wheel.  Thus  the  water  is  elevated  through  a  vertical  space 
eijual  to  the  radius  of  the  hoUow  wheel.  When  the  tympanum  is  used  to 
raise  water  from  a  running  stream,  it  is  moved  by  means  of  float-botrdt 
impelled  by  the  stream  5  but  when  employed  to  raise  stagnant  water,  it 
receives  motion  from  a  foot-wheel  placed  on  the  same  shait,  which  is,  as 
we  have  already  described  under  the  article  "  Foot-mill,**  turned  by  men 
walking  inside.     The  chief  defect  bf  this  machine  is,  that  it  raises  the  water 
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in  the  most  diiadvantageous  ntaation  posnble ;  or  the  load  beings  found 
always  towards  the  extremitjr  of  a  radius  of  the  wheel,  the  arm  of  the  effec- 
tive lever  which  answers  to  it,  increases  through  the  whole  quadrant  the 
water  describes  in  passing  from  the  bottom  of  the  wheel  to  the  altitude  of 
its  centre ;  so  that  the  power  must  act  in  like  manner  as  if  it  were  applied 
at  a  winch-handle;  and  consequently,  cannot  act  uniformly. 

2.  M.  de  la  Faye^  to  remedy  this  defect,  devised  a  machine 
which  may  here  be  described,  together  with  the  process  of 
reasoning  that  led  to  it. 

When  we  develope  the  circumference  of  a  circle,  a  curve  is  described, 
(i.  e.the  involute, )  of  which  all  the  radii  are  so  many  tangents  to  the  circle, 
'  and  are  likewise  all  respectively  perpen4icularto  the  several  points  of  the 
curve  described,  which  has  for  its  greatest  radius  a  line  equal  to  the  peri- 
phery of  the  circle  evolvei  The  truth  of  which  is  shown  by  geometricians 
when  treating  of  the  genesis  of  evolute  and  involute  curves. 

Hence,  having  an  axle  whose  circumference  a  Kttle  exceeds  the  height 
which  the  water  is  proposed  to  be  elevated,  let  the  circumference  of  the 
aide  be  evolved,  and  make  a  curved  canal  whose  curvature  shall  coincide 
throughout  exactly  with  that  of  the  involute  just  formed ;  if  the  further  extre- 
mity of  this  canal  be  made  to  enter  the  water  that  is  to  be  elevated,  and  the 
other  extremity  abut  upon  the  shaft  which  is  turned,  then  in  the  course  of 
the  rotation  the  water  will  rise  in  a  vertical  direction,  tangential  to  the  shaft, 
and  perpendicular  to  the  canal  in  whatever  position  it  may  be.  Thus  the 
action  of  the  weight  answering  always  to  the  extremity  of  a  horizontal  radius, 
will  be  as  though  it  acted  upon  the  invariable  arm  of  a  lever,  and  the  power 
which  raises  the  weight  will  be  always  the  same  ;  and  if  the  radius  of  the 
wheel,  of  which  thfs  hollow  canal  serves  as  a  bent  spoke,  is  equal  to  the 
height  that  the  water  is  to  be  raised,  and  consequently  equal  to  the  circum« 
ference  of  the  axle  or  shaft,  the  power  will  be  to  the  load  of  water  recipro- 
cally as  the  radius  of  a  circle  to  its  circumference,  or  directly  as  1  to  6}  nearly. 

InM,  deh  Ihye*8  opinion,  the  machine  ought  to  be  composed  of  four  of 
these  canals :  but  it  has  often  been  constructed  with  eight,  as  represented 
in  Bg,  310.  The  wheel  being  turned  by  the  impulsion  of  the  stream  upon 
the  float-boards,  the  orifices  F,  E,  D,  C,  &c.  of  the  curvilinear  canals,  dip 
one  after  another  into  the  water  which  runs  into  them ;  and  as  the  wheel  re- 
volves the  fluid  rises  in  the  canals/,  e^d,  e,  &c.  and  runs  out  in  a  stream  P 
from  the  holes  at  O  ;  it  is  received  into  the  trough  Q,  and  conveyed  from 
thence  by  pipes. 

By  this  construction  the  weight  to  be  raised  offers  always 
the  same  resistance,  and  that  the  least  possible,  while  the 
power  is  applied  in  the  most  advantageous  manner  the  cir- 
cumstances will  admit  of:  these  conditions  both  fulfilled  at 
the  same  time  furnish*  the  most  desirable  perfection  in  a 
machine.  Further,  this  machine  raises  the  water  by  the 
shortest  way,  namely,  the  perpendicular  or  vertical ;  in  this 
respect  being  preferable  to  Archimedes's  screw,  where  the 
water  is  carried  up  an  inclined  path  :  and  besides  this,  each 
curved  channel  in  this  wheel  empties  all  the  water  it  receives 
in  every  revolution,  while  the  screw  of  Archimedes  delivers 
only  a  small  portion  of  the  fluid  it  is  charged  with,  being 
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often  loaded  with  twenty  times  as  much  water  as  is  discharged 
in  one  rotation  ;  and  thus  requiring  an  enormous  increase  of 
labour  when  a  large  quantity  is  intended  to  be  raised  by  it. 

The  nature  and  advantages  of  this  wheel  evince  very  for- 
cibly how  far  the  speculations  of  geometers  are  from  being 
so  unfruitful  in  useful  applications,  as  is  often  insinuated  by 
practical  men. 

3.  The  wheel  just  described  would,  we  think,  be  the  roost 
perfect  of  any  that  could  be  employed  for  raising  water,  bad 
it  not  the  disadvantage  attending  the  tympanum,  which  is, 
that  it  can  only  raise  water  to  the  height  of  its  semidiameter. 
As  in  many  cases  water  is  to  be  raised  higher  than  the  radius 
of  any  wheel  can  well  be  made  for  practice,  we  shall  next 
describe  a  machine  called  the  J^oria^  common  in  Spain, 
which  raises  water  nearly  through  a  diameter. 

This  Noria  consists  of  a  vertical  wheel  of  20  feet  diameter,  on  the  c^ 
cumference  of  which  are  fixed  a  number  of  little  boxes  or  square  buckets, 
for  the  purpose  of  raising  the  water  out  of  the  well,  communicating*  with 
the  canal  below,  and  to  empty  it  in  a  reservoir  above,  placed  by  the  side 
of  Uie  wheeL  The  buckets  have  a  lateral  orifice,  to  receive  and  to  dis- 
charge the  water.  The  axis  of  this  wheel  is  embraced  by  four  small 
beams,  crossing  each  other  at  right  angles,  tapering  at  the  extremities, 
and  fonning  eifffat  little  arms.  This  wheel  is  near  the  centre  of  the 
horse-walk,  contiguous  to  the  vertical  axis,  into^the  top  of  which  the  horse- 
beam  is  fixed :  but  near  the  bottom  it  is  embraced  by  four  little  beams, 
forming  eight  arms  similar  to  those  above  described,  on  the  axis  of  the 
water-wheel.  As  the  mule  which  they  use  goes  round,  these  horizontal 
arms,  supplying  the  place  of  cojg^,  take  hold,  each  in  succession,  of  those 
arms  which  are  fixed  on  the  axis  of  the  water-wheel,  and  keep  it  in  rota- 
tipn. 

This  machine,  than  which  nothing  can  be  cheaper,  throws 
up  a  great  quantity  of  water ;  yet  undoubtedly  it  has  two  de- 
fects :  the  first  is,  that  part  of  the  water  runs  out  of  the 
buckets  and  falls  back  into  the  well  after  it  has  been  raised 
nearly  to  the  level  of  the  reservoir :  the  second  is,  that  a  con- 
siderable proportion  of  the  water  to  be  discharged  is  raised 
higher  than  the  reservoir,  and  falls  into  it  only  at  the  moment 
when  the  bucket  is  at  the  highest  point  of  the  circle,  and 
ready  to  descend.  These  inconveniences  are  both  remedied 
by  the  contrivance  mentioned  in  the  next  paragraph. 

4.  The  Persian  wheel  is  a  name  given  to  a  machine  for 
raising  water,  which  may  be  turned  by  means  of  a  stream 
A  B  acting  upon  the  wheel  C  D  £  according  to  the  order  of 
the  letters;  (fig.  210.) 

The  buckets  a,  a,  a,  o,  &c.  instead  of  being  firmly  fastened,  are  hung  upoa 
the  wheel  by  strong  pins,  ^  ft,  ft,  ft,  &c.  fixed  in  the  side  of  the  rim ;  which 
must  be  made  as  high  as  the  water  is  intended  to  be  raised  above  the  level  of 
the  part  of  the  stream  in  which  the  wheel  is  pbced.  As  the  wheel  tnmi,  the 
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backets  on  tlie  right  hand  go  down  into  the  wtter,  where  they  tre  filled, 
and  return  up  full  on  the  1^  hand*  till  they  come  to  the  top  at  K;  where 
they  strike  against  the  end  n  of  the  fixed  trough  M,  by  which  they  are 
orersety  and  so  empty  the  water  into  the  trough;  from  whence  it  is  to  be 
conveyed  in  pipes  to  any  place  it  is  intended  for:  and  as  each  bucket  g^ts 
OTcr  &e  troop;n,  it  fiiUs  into  a  perpendicular  position  andn,  and  so  goes 
down  empty  till  it  comes  to  the  water  at  A,  where  it  is  filled  as  before.  On 
each  backet  is  a  spring  r,  which  going  over  the  top  or  crown  of  the  bar  m, 
(fixed  to  the  trough  M,)  raises  the  bottom  of  the  bucket  above  the  level  of 
its  mouthy  and  so  causes  it  to  empty  all  its  water  into  the  trough. 

To  determine  the  due  relation  of  the  power  and  the  weight  so  that  this 
wheel  may  be  capable  of  producing  the  greatest  efiect,  the  following  may 
1>e  taken  as  a  good  approximation.  After  having  fixed  the  diameter  of  the 
wheel,  which  must  be  something  greater  than  the  altitude  to  which  the 
water  is  to  be  raised,  fix  also  upon  an  even  number  of  buckets  to  be  hung 
at  equal  distances  round  the  periphery  of  the  wheel,  and  mark  the  position 
of  their  centres  of  motion  in  such  a  manner  that  they  will  stand  in  corres- 
ponding positions  in  every  quarter  of  the  circle:  conceive  vertical  lines 
drawn  mrough  the  centre  of  motion  of  each  bucket  in  the  rising  part  of  the 
wheel;  they  will  intersect  the  horizontal  diameter  of  the  wheel  in  points  at 
which,  if  the  buckets  were  hung,  they  would  furnish  the  same  resistance  to 
the  moving  force  as  they  do  when  hanging  at  their  respective  places  on  the 
rim  of  the  wheel.  Thus,  supposing  there  were  18  equidisUnt  buckets; 
then  while  eight  hung  on  eacn  side  a  vertical  diameter  of  the  wheel  there 
would  be  eight  on  the  other  side,  and  two  would  coincide  with  that  diame- 
ter: in  this  case  the  renstance  arising  from  all  the  full  buckets  would  be  the 
same  as  if  one  bucket  hung  on  the  prolongation  of  the  horizontal  diameter 
at  the  distance  of  2  nn.  3(r  -f  2  sin.  40°  -f-  2  sin.  60^  -f-  2  sin.  80^,  these 
being  the  sines  to  the  common  radius  of  the  wheel. 

To  know  tiie  quantity  of  water  that  each  bucket  should  contain,  take  four- 
ninths  of  the  absolute  rorce  of  die  streami  that  is,  four-ninths  of  the  weight 
of  the  prism  of  water  whose  base  is  the  surfiice  of  one  of  the  float-boai^ 
and  whose  height  is  that  through  which  water  must  fall  to  acquire  the  ve- 
locity of  the  stream;  so  have  we  the  power  thatshould  be  in  equilibro  with 
the  weight  of  water  in  the  buckets  of  the  rinng  semicircle.  Then  say,  as 
the  sum  of  the  nnes  mentioned  above  is  to  radius,  so  is  the  power  just  found 
to  a  fourth  term,  the  half  of  which  will  be  the  weight  of  water  that  ought 
to  be  contained  in  one  bucket  Lastly,  as  the  velocitv  of  the  wheel  will 
be  to  that  of  Uie  stream  nearly  as  one  to  two  and  two-fifths,  the  quantify  of 
revolutions  it  makes  in  any  determinate  time  becomes  known,  and,  by  con- 
sequence, the  quantity  of  water  the  wheel  will  raise  in  the  same  time; 
since  we  know  me  capacity  of  each  bucket,  and  the  number  of  them  emp- 
tied in  every  revolution  of  the  wheel* 

5.  Another  contriyance  for  raising  water  similar  to  the 
chain-pump,  which  is  described  in  another  part  of  the  work, 
is  an  endless  rope  with  stuffed  cushions  hung  upon  it,  which, 
bj  means  of  two  wheels  or  drums,  are  caused  to  rise  in  suc- 
cession in  the  same  barrel,  and  to  carry  water  with  them. 
From  the  resemblance  of  this  apparatus  to  a  string  of  beads, 
it  is  usually  cMedpatemoater-work.  But  in  this,  as  well  as 
the  chain-pump,  the  magnitude  of  the  friction  is  a  formida^ 
ble  practical  objection. 

6.  Jets  and  fountains  are  not  now  considered  as  conducive 


Digitized  by 


Google 


332  THE  OPERATIVE  MECHANIC 

to  picturesque  beauty ;  nor  can  tbey  be  reckoned  of  maeh 
utility,  except  perhaps  in  hot  eliinates;  we  have  not  there- 
fore described  any  in  this  work.  But  in  the  fountain  of  Hiero 
of  Syracuse,  a  principle  is  introduced  which  has  been  found 
of  great  utility  in  larger  works;  for  the  head  of  water  is 
actually  lower  than  the  orifice,  but  the  pressure  is  communi- 
cated by  the  intervention  of  a  column  of  air ;  the  construction 
of  this  fountain  is  as  follows: 

It  consists  of  two  vessels  K  L  M  N,  (figf.  213)  and  O  P  Q  R,  which  are  close 
on  an  sides.  A  tube  A  B,  having  a  fVinnel  at  the  top,  passes  throu^  the 
uppermost  vessel  without  communicating'  with  it,  being*  soldered  into  its  top 
and  bottom.  It  also  passes  through  the  top  of  the  under  vessel,  where  it  is 
likewise  soldered,  and  reaches  almost  to  its  bottom.  This  tube  is  open  at 
both  ends.  There  is  another  open  tube  S  T,  which  is  soldered  into  the  top 
of  the  under  vessel  and  the  bottom  of  the  upper  vessel,  and  reaches  almost 
to  its  top.  These  two  tubes  serve  also  to  support  the  upper  vessel.  A 
third  tube  G  F  is  soldered  into  the  top  of  the  upper  vessel,  and  reaches 
almost  to  its  bottom.  This  tube  is  open  at  both  ends,  but  the  orifice  G  is 
very  small.  Now  suppose  the  uppermost  vessel  fijled  with  water  to  the 
height  E  N,  E  e  being  its  surface  a  little  below  T.  Stop  the  orifice  G  with 
the  finger,  and  pour  in  water  at  A.  This  will  descend  through  A  D,  and 
compress  the  air  in  O  P  Q  R  into  less  room*  Suppose  the  water  in  the 
under  vessel  to  have  acquired  the  surface  C  c,  the  air  which  formerly  occu- 
pied the  whole  of  the  spaces  O  P  Q  R  and  K  L  «  E  will  now  be  contained 
in  the  spaces  o  P  o  C  and  K  L  6  £;  and  its  elasticity  will  be  in  equilibrio 
with  the  weight  of  the  column  of  water  whose  base  is  the  sur&ce  E  e,  and 
whose  height  is  A  e.  As  this  pressure  is  exerted  in  every  part  of  the  air, 
it  will  be  exerted  on  the  surface  E  e  of  the  water  of  the  upper  vessel;  and 
if  the  pine  F  G  were  continued  upwards,  the  water  would  be  supported 
in  it  to  a  hei|^ht  e  tl  above  E  «,  equal  to  A  c  Therefore,  if  the  finger  be 
now  taken  Irom  off  the  orifice  G,  the  fluid  wiU  spout  up  through  it  to 
the  same  height  as  if  it  had  fiiUen  through  a  tube  whose  altitude  is  «  H. 
So  long  as  mere  is  any  water  in  the  vessel  K  L  M  N  there  will  be  a  dis- 
charge through  the  orifice:  therefore  the  play  of  the  fountain  will  continue 
whilst  the  water  contained  in  the  upper  vessel,  having  spouted  oat,  (klls 
down  through  the  pipe  A  B;  the  height  of  the  water  measured  firom  the 
basin  V  A  W  to  the  surface  of  the  water  in  the  lower  vessel  O  P  Q  R 
is  always  equal  to  the  height  measured  from  the  top  of  the  jet  to  the  sur- 
face of  the  water  in  the  vessel  K  L  M  N.  Now,  since  the  surface  £  e 
is  always  falling,  and  the  water  in  the  lower  vessel  always  rising,  the 
height  of  the  jet  must  continually  decrease,  till  it  is  shorter  by  the  depth 
of  K  L  M  N,  which  is  empty,  added  to  the  depth  of  O  P  Q  R,  which  is 
always  filling;  and  when  the  jet  is  fallen  so  low,  it  immediately  ceases  to 
play. 

7.  A  machine  designed  to  raise  water  to  a  great  height  for 
the  irrigation  of  land,  in  such  situations  as  have  the  advan- 
tage of  a  small  fall,  is  described  in  Dr  Darwin's  Phytologia: 
as  it  depends  on  the  principle  of  Hiero's  fountain,  it  may  pro- 
perly be  inserted  here. 

Fig.  211,  a,  5,  is  the  stream  of  water. 

^9  c,  c,  represents  the  water-fall,  supposed  to  be  10  feet. 
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d,  e,  are  two  leaden  or  iron  yessela,  containing  a  certain  quantity  of  water,, 
which  may  be  computed  to  be  about  four  gallons  each. 

f»giKii  K  k  su^  leaden  vessels,  each  holding  about  two  quarts. 

o^pt  two  cocks,  each  of  which  passes  through  two  pipes,  opening  the  one 
and  closing  the  other. 

^,  r,  is  a  uxxUfbalanee^  that  moves  on  its  centre  «,  and  by  which  the  two. 
cocks  o  uidp  are  alternately  turned. 

/,  u,  and  Wf  x,  are  two  air-pipes  of  lead,  both  internally  1|  inch  in  dia- 
meter. 

2ft  2:;  y,  X;  y,  z;  are  water-pipes,  each  being  one  inch  in  diameter. 

The  pipe  6,  «,  c^  is  always  full  from  the  stream  a,  b:  the  small  cisterns  g, 
fy  4  *od  the  large  one  d,  are  supposed  to  have  been  previously  filled  with 
water.  The  fluid  may  then  be  admitted  by  turning  the  cock  o,  through 
the  pipe  e,  ^  into  the  larg^  cistern  «.  This  water  will  press  the  air  confined 
in  the  cistern  e  up  the  air-pipe  w^  x,  and  will  force  the  fluid  out  of  the  cis- 
tem»  g^ifU  into  those  marked  A,  k,  and  C. — At  the  same  time,  by  opening 
B,  the  water  and  condensed  air,  which  previously  existed  in  the  hu^e  cis- 
tern d^  and  in  the  smaller  ones  marked/.  A,  A,  will  be  discharged  at  U.  After 
*  short  time,  the  water-balance,  9,  r,  «,  will  turn  the  cocks,  and  exclude 
the  water,  while  it  opens  the  opposite  ones:  the  cisterns/,  A,  A:,  are  emptied 
in  their  turns  by  the  condensed  air  from  the  cistern  d^  as  tiie  water  progres- 
■ively  enters  the  latter  from  the  pipe  &,  c 

8.  A  very  ingeDious  application  of  the  same  principle  has 
been  made  in  the  celebrated  Hungarian  machine,  at  Chemnitz. 
The  best  account  we  have  been  able  to  obtain  of  this  is  the 
following : 

In  fig.  213,  A  represents  the  source  of  water  elevated  136  feet  above  the 
mouth  of  the  pit.  From  this  there  runs  down  a  pipe  D  of  four  inches  dia- 
meter, which  enters  the  top  of  a  copper  cylinder  B,  8  j  feet  high,  5  feet  dia- 
meter, and  2  inches  thick,  and  reaches  to  within  4  inches  of  the  bottom:  it 
has  a  cock  at  I. 

Tliis  cylinder  has  a  cock  at  Q,  and  a  very  large  one  at  N.  From  its  top 
proceeds  a  pipe  V  E  C,  two  inches  in  diameter,  which  goes  96  feet  down  the 
pit,  and  b  inserted  into  the  top  of  another  brass  cylinder  C,  which  is  6i 
feet  high,  four  feet  diameter,  and  two  inches  thick:  the  latter  containing 
about  83  cubic  feet,  which  is  nearly  one-half  of  the  capacity  of  the  former, 
viz,  170  cubic  feet.  There  is  another  pipe  F  O  of  four  inches  diameter,  which 
rises  from  within  four  inches  of  the  bottom  of  this  lower  cylinder,  is  sol- 
dered into  its  top,  and  rises  to  the  trough  Z  which  carries  off  the  water 
from  the  mouth  of  the  pit.  This  lower  cylinder  communicates  at  the  bottom 
with  the  water  O,  which  collects  in  the  drains  of  the  mines.  A  large  cock 
P  serves  to  exclude  or  admit  this  water;  another  cock  M  at  the  top  of  this 
cylinder  communicates  with  the  external  air. 

Now,  suppose  the  cock  I  shut,  and  all  the  rest  open:  the  upper  cylinder 
will  contain  air,  and  the  lower  cylinder  will  be  fiUed  with  water,  because  it 
is  sunk  so  deep  that  its  top  is  below  the  usual  surface  of  the  mine-waters. 
Shut  the  cocks  Q,  N,  M,  P,  and  open  the  cock  I-  The  water  of  the  source 
A  must  run  in  by  the  orifice  J,  and  rise  in  the  upper  cylinder,  compressing 
the  air  above  it  and  along  the  pipe  V  E  C,  and  thus  actingf  on  the  surface 
of  the  water  in  the  lower  cylinder.  It  will  therefore  cause  it  to  rise  gradu- 
ally in  the  pipe  O  F,  where  it  will  always  be  of  such  a  height  that  its  weight 
balances  the  elasticity  of  the  compressed  air.  Suppose  no  issue  given  to 
the  wr  from  the  upper  cylinder,  it  would  be  compressed  into  one-fifth  of  its 
bulk  by  the  column  of  136  feet  high;  for  a  column  of  34  feet  nearly  balances 
2E 
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the  ordinary  elasticity  of  the  air.  Therefore,  when  there  ia  an  issue  given 
to  it  through  the  pipe  V  E  C,  it  will  drive  the  compressed  air  along  this 
pipe,  and  it  will  expel  water  from  the  lower  cylinder.  When  the  upper 
cylinder  is  full  of  water,  there  will  be  34  cubic  feet  of  water  expelled  from 
the  lower  cylinder.  If  the  pipe  O  P  had  been  more  than  136  feet  long, 
the  water  would  have  risen  136  feet,  being  then  in  equilibrio  with  the 
water  in  the  feeding  pipe  D  by  the  intervention  of  the  elastic  air;  but  no 
more  water  would  have  been  expelled  from  the  lower  cylinder  than  what 
fills  this  pipe.  But  the  pipe  being  only  96  feet  high,  the  water  will  be 
thrown  out  at  Z  with  a  considerable  velocity.  If  it  were  not  for  the  great 
obstructions  which  water  and  air  must  meet  with  in  their  passsag^  along 
pipes,  it  would  issue  at  Z  with  a  velocity  of  more  than  50  feet  per  second. 
it  issues  however  much  more  slowly,  and  at  last  the  upper  cylinder  is  full 
of  water,  and  the  water  would  enter  the  pipe  V  E  and  enter  the  lower  cy- 
linder, and,  without  displacing  the  air  in  it,  would  rise  through  the  discharg- 
ing pipe  O  P,  and  run  off  to  waste.  To  prevent  this  there  hangs  in  the 
pipe  V  E  a  cork  ball  or  double  cone,  by  a  brass  wire  which  is  guided  by 
holes  in  two  cross  pieces  in  that  pipe.  When  the  upper  cylinder  is  filled 
with  water,  this  cork  plugs  up  the  orifice  V,  and  no  water  is  wasted;  the  in- 
flux at  J  now  stops.  But  the  lower  cylinder  contains  compressed  air,  which 
would  balance  water  in  a  discharging  pipe  136  feet  high,  whereas  O  P  is 
only  96.  Therefore  the  water  will  continue  to  flow  at  Z  till  the  air  has  so 
fiir  expanded  as  to  balance  only  96  feet  of  water,  that  is,  till  it  occupies 
one-half  of  its  ordinary  bulk,  that  is,  one-fourth  of  the  capacity  of  the  up- 
per cylinder,  or  42i  cubic  feet.  Therefore  424  cubic  feet  will  be  expelled, 
and  the  efflux  at  Z  will  cease  ;  and  the  lower  cylinder  is  about  one-half  fiiU 
of  water.  When  the  attending  workman  observes  this,  he  shuts  the  cock  I. 
He  might  have  done  this  before,  had  he  known  when  the  orifice  V  was 
stopped;  but  no  loss  ensues  from  the  delay.  At  the  same  time  the  attend- 
ant opens  the  cock  N  the  water  issues  with  great  violence,  being  pressed  by 
the  condensed  air  firom  the  lower  cylinder.  It  therefore  issues  with  the  sum 
of  its  own  weight  and  of  this  compression.    These  gradually  decrease  to- 

S ether,  by  the  efflux  of  the  water  and  the  expansion  of  the  air;  but  this  ef- 
ux  stops  before  all  the  water  has  flowed  out ;  for  there  is  42^  feet  of  the 
lower  cylinder  occupied  by  air.  This  quantity  of  water  remains,  therefore, 
in  the  upper  cylinder  nearly;  the  workman  knows  this,  because  the  discharg*- 
ed  water  is  received  first  of  all  into  a  vessel  containing  three-fourths  of  the 
capacity  of  the  upper  cylinder.  Whenever  this  is  filled,  the  attendant  opens 
the  cock  P  by  a  long  rod  which  goes  down  the  shaft;  this  allows  the  water 
of  the  mine  to  fill  the  lower  cylinder,  and  the  air  to  get  into  the  upper  cy- 
linder, which  permits  the  remaining  water  to  run  out  of  it.  Thus  every 
thing  is  brought  into  its  first  condition;  and  when  the  attendant  sees  no 
more  water  come  out  at  N,  he  shuts  the  cocks  N  and  M,  and  opens  the  cock 
I,  and  the  operation  is  repeated. 

There  is  a  very  surprising  appearance  in  the  working  of  this  eng^e. 
When  the  efflux  at  Z  has  stopped,  if  the  cock  Q  be  opened,  the  water  and 
air  rush  out  together  with  prodigious  violence,  and  the  drops  of  water  are 
changed  into  hail  or  lumps  of  ice.  It  is  a  sight  usually  shown  to  strangers, 
who  are  desired  to  hold  their  hats  to  receive  the  blasts  of  air;  the  ice 
comes  out  with  such  violence  as  frequently  to  pierce  the  hat  like  a  pistol 
bullet.  This  rapid  congelation  is  a  remarkable  instance  of  the  general  fact, 
that  air  by  suddenly  expanding  generates  cold,  its  capacity  for  heat  being 
increased. 

The  above  account  of  the  procedure  in  working  this  engine  shows  that 
the  efflux  both  at  Z  and  N  becomes  very  slow  near  the  end.  It  is  found 
convenient  therefore  not  to  wait  for  the  complete  discharges,  but  to  turn 
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the  cocks  when  about  30  cubic  feet  of  water  have  been  discharged  at  Z : 
more  work  is  done  in  this  way.  A  gentleman  of  great  accuracy  and  know- 
ledge of  these  subjects  took  the  trouble  of  noticing  particularly  the  per- 
formance of  the  machine.  He  observed  that  each  stroke,  as  it  may  be 
called,  took  up  about  three  minutes  and  one-eighth;  and  that  32  cubic  feet 
of  water  were  discharged  at  Z,  and  66  were  expended  at  N.  The  expense 
therefore  is  66  feet  of  water  falling  136  feet,  and  the  performance  is  32 
raised  96,  and  they  are  in  the  proportion  of  66  x  136  to  32  X  96,  or  of 
1  to  0,3422,  or  nearly  as  3  to  1.  This  is  superior  to  the  performance  of  the 
most  perfect  undershot  mill,  even  when  all  friction  and  irregular  obstruc- 
tions are  neglected;  and  is  not  much  inferior  to  any  overshot  pump-mill 
that  has  yet  been  erected.  When  we  reflect  on  the  g^at  obstructions 
which  water  meets  with  in  its  passage  through  long  pipes,  we  may  be 
assured,  that,  by  doubling  the  size  of  the  feeder  and  dbcharg^r,  the  per- 
formance of  the  machine  will  be  greatly  improved;  we  do  not  hesitate  to 
say,  that  it  would  be  increased  one-third :  it  is  true  that  it  will  expend 
more  water;  but  this  will  not  be  nearly  in  the  same  proportion,  for  most  of 
the  deficiency  of  the  machine  aiises  fix>m  the  needless  velocity  of  the  first 
efflux  at  Z.  llie  discharging  pipe  ought  to  be  110  feet  high,  and  not 
give  sensibly  less  water.  Then  it  must  be  considered  how  inferior  in  ori- 
ginal expense  this  simple  machine  must  be  to  a  mill  of  any  kind  which 
would  raise  10  cubic  feet  96  feet  high  in  a  minute;  and  how  small  the  re- 
pairs on  it  need  be,  when  compared  with  a  mill.  And,  lastly,  let  it  be 
noticed,  that  such  a  machine  can  be  used  where  no  mill  whatever  can  be 
put  in  motion.  A  small  stream  of  water,  which  would  not  move  any  kind 
of  wheel,  will  here  raise  one-third  of  its  own  quantity  to  the  same  height, 
working  as  fast  as  it  is  supplied. 

For  these  reasons,  the  Hungarian  machine  eminently  de- 
serves the  attention  of  mathematicians  and  engineers,  to 
bring  it  to  its  utmost  perfection,  and  into  general  use.  There 
are  situations  where  this  kind  of  machine  may  be  very  use- 
ful. Thus,  where  the  tide  rises  17  feet,  it  may  be  used  for 
compressing  air  to  seven-eighths  of  its  bulk ;  and  a  pipe 
leading  from  a  very  large  vessel  inverted  in  it  may  be  used 
for  raising  the  water  from  a  vessel  of  one-eighth  of  its  capa- 
city 17  feet  high ;  or  if  this  vessel  has  only  one-tenth  of  the 
capacity  of  the  large  one  set  in  the  tide-way,  two  pipes  may 
be  led  from  it,  one  inio  the  small  vessel,  and  the  other  into 
an  equal  vessel  16  feet  higher,  which  receives  the  water  from 
the  first.  Thus  one-sixteenth  of  the  water  may  be  raised  34 
feet,  and  a  smaller  quantity  to  a  still  greater  height;  and  this 
with  a  kind  of  power  that  can  hardly  be  applied  any  other 
way.  Machines  of  this  kind  are  described  by  Schottus, 
Sturmius,  Leupold,  and  other  old  writers;  and  they  should 
not  be  forgotten,  because  opportunities  may  offer  of  making 
them  highly  beneficial. 

9.  Mr  John  Whitley  Boswell  has  devised  an  apparatus 
which  when  attached  to  such  a  machine  as  that  at  Chemnitz 
will  enable  it  to  work  itself  without  attendance.    The  de- 
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scription  of  this  will  be  presented  to  the  reader  in  Mr  Bos- 
well's  own  words. 


Fig.  213.  A  is  the  reservoir,  or  upper  level  of  water. 
1),  a  chamber  made  of  sufficient  slreng^  to  bear  the  internal  pressure  of 
a  column  of  water  the  height  of  A  above  it,  multiplied  by  its  own  base. 

C,  a'chamber  of  the  same  strength  as  U,  but  of  a  smaller  size;  it  is  placed 
at  the  bottom  of  the  pit  from  which  the  water  b  to  be  raised,  and  under  the 
level  of  the  water. 

These  chambers  would  be  stronger  with  the  same  materials,  if  of  a  glob- 
ular or  cylindrical  form;  but  the  square  shape  is  used  in  the  drawing  mere- 
ly for  the  facility  of  representing  the  position  of  the  parts. 

D,  a  pipe  from  the  reservoir  A  which  passes  through  the  top  of  U  and 
ends  near  its  bottom,  to  convey  water  from  A  to  B. 

E,  a  pipe  from  the  top  of  B  to  the  top  of  C,  to  convey  air  from  B  to  C. 

F,  a  pipe  from  the  bottom  of  C  to  the  level  of  the  ground  at  the  top  of 
the  pit,  to  carry  off  the  water  from  the  pit. 

G,  a  pipe  from  the  bottom  of  B  to  carry  off  the  water  from  it. 

H,  a  vessel  to  contaig  the  water  used  in  working  the  cocks;  it  is 
only  placed  on  the  top  of  B  to  save  the  construction  of  a  stand  on  purpose 
for  it 

I,  a  cock,  or  movable  valve,  (worked  by  the  lever  there  represented,)  in 
the  large  pipe  D 

K,  a  stop-cock  in  the  small  pipe  which  conveys  water  fcom  D  to  U.  Its 
use  is  to  make  the  engine  work  faster  or  slower,  by  letting  water  more  or 
less  quick  into  H;  or  to  stop  it  altogether  from  working  when  required. 

L,  a  movable  valve,  or  cock  in  the  small  pipe  L  K.  The  lever  which  works 
it  is  connected  by  a  strong  wire  with  the  lever  which  works  I,  and  is  ba- 
lanced by  a  weight  at  its  opposite  extremity,  sufficient  to  open  both  these 
cocks  and  shut  N,  when  not  prevented  by  a  counter  weight. 

N,  a  cock  in  the  pipe  G  to  open  and  shut  it  as  wanted. 

O,  a  self-moving  valve  in  the  pipe  F,  which  permits  the  water  to  pass 
upwards,  but  prevents  its  return. 

P,  a  self-moving  valve  at  the  bottom  of  C,  which  permits  the  water  to 
pass  into  C,  but  prevents  an^  from  passing  out  of  it;  it  is  furnished  with  a 
gating,  to  prevent  dirt  getting  in. 

R,  a  vessel  suspended  from  the  levers  of  I  and  L,  capable  of  contsimii|^ 
a  weight  of  water  sufficient  to  shut  them. 

S,  a  vessel  suspended  frt>m  the  lever  of  N:  it  must  contain  water  enough 
by  its  weight  to  open  N:  it  b  connected  by  a  chain  to  R,  to  keep  it  down 
as  long  as  N  is  open.  * 

T,  a  syphon  passing  frt>m  the  bottom  of  H,  near  its  upper  edge,  and 
down  again  to  the  mouth  of  R. 

y,  a  self-moving  valve  of  a  sufficient  levity  to  rise,  when  the  water  in  B 
comes  up  to  it,  and  close  the  pipe  £;  into  which  no  water  would  else  pass 
from  B.  A  ball-cock,  such  as  used  in  common  water  cisterns,  would  do 
here. 

X,  a  syphon  from  the  bottom  of  R  rising  within  an  inch  of  its  top,  and 
passing  down  again  to  the  mouth  of  S. 

Y,  a  small  pipe  at  the  bottom  of  S;  this  may  have  a  stop-cock  to  regulate 
it,  which,  when  stopped,  will  also  stop  the  engine. 

The  mode  of  this  engine's  working  is  as  follows  i  suppose  the  vessels 
V,  H,  R,  and  S  empty  of  water,  and  the  cocks  K  and  Y  open,  and  the 
vessel  C  full  of  water.  'The  weight  on  the  lever  of  L  will  then  open  the 
cocks  L  and  I,  on  which  the  water  from  A  will  flow  into  B  and  H.     As 
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the  water  rises  in  B,  it  will  force  the  air  through  £  into  C,  which  strongly 
pressing  on  the  water  in  C»  will  force  it  up  through  the  pipe  F,  till  the  wa^ 
ter  in  B  rises  to  the  level  of  V  and  closes  it»  at  which  time  U  will  be  full  of 
water  (the  quantity  flowing  in  being  so  regulated  by  the  cock  K,)  and  the 
water  will  flow  from  it  though  the  syphon  T  into  the  vessel  R,  which  as  it 
fills  shuts  the  cock  I  and  L  and  prevents  any  more  water  coming  into  B  and 
H.  When  R  is  full,  the  water  flows  through  its  syphon  X,  which  fills  S,  and 
by  it  opens  N,  which  empties  B  of  water,  and  keeps  N  open  as  long  as  there 
is  any  water  in  H. 

When  H  is  empty,  B  will  be  so  too,  (being  so  regulated  by  the  cock  K,) 
on  which,  in  a  moment  or  two,  R  and  S  will  sdso  be  empty,  which  will  cause 
the  cocks  I  and  L  to  open,  and  all  things  will  be  ag^n  in  the  state  first  sup- 
posed, for  a  repetition  of  the  operations  described. 

To  stop  the  eng^e,  the  cocks  at  K  and  Y  should  be  shut,  while  S  is  full 
of  water.  To  set  it  working,  they  should  be  open ;  and  this  is  all  the  at- 
tendance it  will  require.  As  no  one  but  an  engineer  should  attempt  to  con- 
struct such  an  engine  as  this,  it  was  useless  to  represent  the  manner  of  con- 
necting the  pipes  by  flaches  or  otherwise,  or  the  proper  methods  of  fasten- 
ing and  closing  the  parts,  which  are  well  known  to  such  as  have  made  thia 
art  their  study. 

Id  No.  6,  of  the  New  Series  of  Nicholson's  Journal,  Mr 
Boswell  has  made  some  further  improvements  in  the  applica- 
tion of  the  Hungarian  machine. 

10.  The  spiral  pump  is  a  very  curious  hydraulic  engine, 
which  operates  on  nearly  the  same  principle  as  the  Hungarian 
machine.  The  first  engine  of  this  kind,  of  which  we  have 
seen  any  account,  was  invented  and  erected  by  H.  Andreas 
Wirtz,  atinplate-worker  of  Zurich,  at  a  dye-house  in  Limmat, 
in  the  vicinity  of  that  city.  It  consists  of  a  hollow  cylinder, 
like  a  very  large  grindstone,  turning  on  a  horizontal  axis,  and 
partly  plunged  in  a  cistern  of  water.  The  axis  is  hollow  at 
one  end,  and  communicates  with  a  vertical  pipe.  This  cylin- 
der or  drum  is  formed  into  a  spiral  canal,  by  a  plate  coiled 
up  within  it  like  the  main  spring  of  a  watch  in  its  box;  only 
the  spires  at  a  distance  from  each  other,  so  as  to  form  a  con- 
duit for  the  water  of  uniform  width.  This  spiral  partition  is 
well  joined  to  the  two  ends  of  the  cylinder,  and  no  water  es- 
capes between  them.  The  outermost  turn  of  the  spiral  begins 
to  widen  about  three-fourths  of  a  circumference  from  the  end, 
and  this  gradual  enlargement  continues  nearly  a  semicircle, 
this  part  being  called  the  horn :  it  then  widens  suddenly, 
forming  a  scoop  or  shovel.  The  cylinder  is  so  supported  that 
this  shovel  may,  in  the  course  of  rotation,  dip  several  inches 
into  the  water.  As  the  cylinder  turns  upon  its  axis,  the  scoop 
dips  and  takes  up  a  certain  quantity  of  water  before  it  emer- 
ges again.  This  quantity  is  sufficient  to  fill  the  horn;  and 
this  again  is  nearly  equal  in  capacity  to  the  outermost  uni- 
form spiral  round. 
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After  the  scoop  is  emerged,  the  water  passes  along  the  spi* 
rat  by  the  motion  of  it  round  the  axis,  and  drives  the  air  be- 
fore it  into  the  rising  pipe,  where  it  escapes.  In  the  mean 
time  air  comes  into  the  mouth  of  the  scoop;  and  when  tbe 
scoop  again  dips  into  the  water,  it  again  takes  in  some  of 
that  fluid.  Thus  there  becomes  a  part  filled  with  water,  and 
a  part  filled  with  air.  Continuing  this  motion,  a  second  round 
of  water  will  be  received,  and  another  of  air.  The  water  in 
any  turn  of  the  spiral  will  have  its  two  ends  on  a  level;  and 
the  air  between  the  successive  columns  of  water  will  be  in  its 
natural  state;  for  since  the  passage  into  the  rising  pipe  or 
main  is  open,  there  is  nothing  to  force  the  water  and  air  into 
any  other  position.  But  since  the  spires  gradually  diminish 
in  their  length,  it  is  plain  that  the  column  of  water  will 
gradually  occupy  more  and  more  the  circumference  of  each. 
At  last  it  will  occupy  a  complete  turn  of  some  spire  that  is 
near  the  centre ;  and  when  sent  further  in  by  the  continuance 
of  the  motion,  some  of  it  will  run  back  over  the  top  of  the 
succeeding  spire.  Thus  it  will  run  over  into  the  right-hand 
side  of  the  third  spire,  and  consequently  will  push  the  water 
of  this  spire  backwards,  and  raise  its  other  end,  so  that  U  will 
likewise  run  over  backwards  before  the  next  rotation  be  com- 
pleted. At  length  this  change  of  disposition  will  reach  the 
outermost  spire,  and  some  water  will  run  over  into  the  horn 
and  scoop,  and  finally  into  the  cistern. 

But  as  soon  as  water  gets  into  the  rising  pipe,  and  rises  a 
little  into  it,  it  stops  the  escape  of  the  air  when  the  next 
scoop  of  water  is  taken  in.  Hence  there  are  then  two  columns 
of  water  acting  against  each  other  by  hydrostatic  pressure, 
and  the  intervening  column  of  air:  they  must  compress  the 
air  between  them,  and  the  water  and  air  columns  will  now 
be  unequal:  this  will  have  a  general  tendency  to  keep  the 
whole  water  back,  and  cause  it  to  be  higher  on  the  left  or 
rising  side  of  each  spire  than  on  the  right  or  descending  side : 
the  excess  of  height  being  just  such  as  produces  the  com- 
pression of  the  air  between  that  and  the  preceding  column 
of  water.  This  will  go  on  increasing  as  the  water  mounts 
in  the  rising  pipe ;  for  the  air  next  to  the  rising  pipe  is  com- 
pressed at  its  inner  end  with  the  weight  of  the  whole  column 
m  the  nmin:  and  it  must  be  as  much  compressed  at  its 
outer  end,  which  must  be  done  by  the  water  column  without 
it;  and  this  column  exerts  this  pressure  partly  by  reason 
that  its  outer  end  is  higher  than  its  inner  end,  and  partly  by 
the  transmission  of  the  pressure  on  its  outer  end  by  air, 
which  is  similarly  compressed  from  without     Thus  it  will 
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happen  that  each  column  of  water  being  higher  at  its  outer 
than  at  its  inner  end,  compresses  the  air  on  the  water 
colunnn  beyond  or  within  it,  which  transmits  this  pressure  to 
the  air  beyond  U,  adding  to  it  the  pressure  arising  from  its 
own  want  of  level  at  the  ends.  Consequently,  the  greatest 
compression,  viz.  that  of  the  air  next  the  main,  is  produced 
by  the  sum  of  all  the  transmitted  pressures;  and  these  are 
the  snm  of  all  the  differences  between  the  elevations  of  the 
inner  ends  of  the  water  columns  above  their  outer  ends :  and 
the  height  to  which  the  water  will  rise  in  the  main  will  be 
just  equal  to  this  sum. 

Suppose  the  left-hand  spaces  of  each  spire  to  be  filled  with  water,  and 
the  rignt-hand  spaces  filled  with  air,  as  is  shown,  in  regard  to  one  spire, 
in  fig.  214.  There  is  a  certain  gradation  of  compression  which  will  keep 
things  in  this  position  :  for  the  spaces  manifestly  decrease  in  arithmetical 
progression;  and  so  do  the  hydrostatic  heights  and  pressures:  if,  therefore, 
the  air  be  dense  in  the  same  profession  sdl  will  be  in  hydrostatical  equili- 
brium. Now  this  may  obviously  be  produced  by  the  mere  motion  of  the 
machine;  for  since  the  density  and  compression  in  each  <dr  column  is 
supposed  inversely  as  the  magnitude  of  the  column,  the  quantity  of  air  is 
the  same  in  all ;  Uierefore  the  column  first  taken  in  will  pass  gradually 
inwards,  and  the  increasing  compression  will  cause  it  to  occupy  precisely 
the  whole  right-hand  of  eveiy  spire.  The  gradual  diminution  of  the  water 
columns  will  be  produced,  during  the  motion,  by  the  water  running  over 
backwards  at  the  top  from  spire  to  spire,  and  ultimately  coming  out  hy  the 
scoop.  Since  the  hydrostatic  height  of  each  water  column  is  now  the 
greatest  possible,  viz.  the  diameter  of  the  spire,  it  is  evident  that  this  dispo- 
sition of  the  air  and  water  will  raise  the  water  to  the  greatest  height.  This 
disposition  may  be  obtained  thus:  let  C  B  be  a  vertical  radius  of  the  wheel, 
C  being  the  centre,  and  B  the  highest  point  [the  figure  may  easily  be  drawn] 
upon  C  B,  take  C  L  to  C  B,  as  the  density  of  the  external  air  to  its  density  in 
the  last  column  next  the  rising  pipe  or  main;  that  is,  make  C  L  to  C  B  as  34 
feet,  (the  height  of  the  column  of  water  which  balances  the  pressure  of  the 
atmosphere,)  to  the  sum  of  34  feet,  and  the  height  of  the  rimng  pipe:  then 
divide  B  L  into  such  a  number  of  turns  that  the  sum  of  their  equal  diameters 
shall  be  equal  to  the  height  of  the  main;  lastly,  bring  a  pipe  straight  fix}m  L 
to  the  centre  C.  Such  is  the  construction  of  the  spiral  pump,  as  originally 
invented  by  Wirtz:  it  certainly  indicates  very  considerable  mechanical 
knowledge  and  sagacity. 

But  when  the  main  is  very  high  this  construction  will  require  either  an 
enormous  diameter  of  the  drum,  or  many  turns  of  a  very  narrow  pipe.  In 
such  cases  it  will  be  much  better  to  make  the  spiral  in  the  form  of  a  cork- 
screw, than  of  this  flat  form  like  a  watch-spring.  The  pipe  which  forms 
the  spiral  may  be  wrapped  round  the  frustru'm  of  a  cone,  whose  greatest 
diameter  is  to  the  least,  (which  is  next  to  the  rising  pipe, )  in  the  proportion 
just  assigned  to  C  B  and  C  L.  By  this  construction  the  water  will  so  stand 
in  every  round  as  to  have  its  upper  and  lower  surfaces  tangents  to  the  top 
and  bottom  of  the  spiral,  and  the  water  columns  will  occupy  the  whole 
ascending  side  of  the  machine  while  the  air  occupies  the  descending  side. 
This  form  is  fiir  preferable  to  the  fiat  form:  it  will  allow  us  to  employ  many 
turns  of  a  large  pipe,  and  therefore  produce  a  great  elevation  of  a  large 
quantity  of  water. 
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The  same  things  will  be  still  better  accomplished  by  wrapping  the  pipe  on 
a  cylinder,  and  making  it  g^radually  tapering  to  the  end,  in  such  a  manner 
that  the  contents  of  each  spire  may  be  the  same  as  when  it  is  wrapped  round 
the  cone.  It  will  raise  the  water  to  a  greater  height,  (though  certainly  wjtE 
an  increase  of  the  impelling  power,)  by  the  same  number  of  spires,  because 
the  vertical  or  pressing  height  of  each  column  is  greater. 

In  the  preceding  description  of  this  machine,  that  construction  has  been 
chosen  which  made  its  principle  and  manner  of  working  most  evident, 
namely,  that  which  contained  the  same  material  quantity  of  air  in  each  turn 
of  the  spiral,  more  and  more  compressed  as  it  approaches  to  the  rising  pipe. 
But  this  is  not  the  best  construction:  for  we  see  that  in  order  to  raise  water 
to  the  height  of  a  column  of  34  feet,  the  air  in  the  last  spire  is  compressed 
into  half  its  space;  and  the  quantity  of  water  delivered  into  the  main  at  each 
turn  is  but  half  what  was  received  into  the  first  spire,  the  rest  flowing  back 
from  spire  to  spire,  and  being  discharged  at  the  spout. 

But  the  construction  may  be  such  that  the  quantity  of  water  in  each  spire 
may  be  the  same  that  was  received  into  the  first;  by  which  means  a  greater 
quantity,  (double  in  the  instance  now  g^ven, )  will  be  delivered  into  the  main, 
and  raised  to  the  same  altitude  by  very  nearly  the  same  force.  This  may 
be  done  by  another  proportion  of  the  capacity  of  the  spires;  either  by  a 
change  of  their  calibre,  or  of  the  diameters  of  the  solid  on  which  they  are 
folded.  Suppose  the  bore  to  be  uniform  throughout,  the  diameters  must  so 
vary  that  the  constant  column  of  water  and  the  column  of  air,  compressed  to 
the  proper  degree,  may  occupy  the  whole  circumference.  Let  A  be  the 
column  of  water  which  balances  the  pressure,  and  H  the  height  to  which  the 
water  is  to  be  raised.  Let  A  be  to  A  -{-  H  as  1  to  m.  Then  it  is  plain  that 
m  will  represent  the  density  of  the  air  in  the  last  spire,  if  its  natural  density 
be  1,  because  it  is  pressed  by  the  column  A  -f-  H  while  the  common  air  is 
pressed  by  A.  Let  1  represent  the  constant  water  column,  and  consequently 
it  will  be  nearly  equal  to  the  air  column  in  the  first  spire: 

then  the  whole  circumference  of  the  last  spire  must  be  1  -{ ,  in  order  to 

fn 

hold  the  water  1,  and  to  compress  the  jur  into  the  space  —  or .    The 

m       A-f.  H 
circumference  of  the  first  spire  is  1  -f-  1  or  2:  and  if  D  and  d  be  the  di- 

ameters  of  the  first  and  last  spires,  we  have  2  : 1  -f-  —  :  :D  :  d,  or2m  :  fn 

m 
H-  1  : :  D  :  d  If,  therefore,  a  pipe  of  uniform  bore  be  wrapped  round  a 
conic  frustrum,  of  which  D  and  a  are  the  end  diameters,  the  spirals  will  be 
very  nearly  such  as  will  answer  the  purpose.  It  will  not  be  quite  exact,  for 
the  intermediate  spirals  will  be  rather  too  large :  the  conoidal  frustrum  should 
in  strictness  be  formed  by  the  revolution  of  a  logarithmic  curve.  With  such  a 
spiral  the  full  quantity  of  water  which  was  confined  in  the  first  ^pire  will  find 
room  in  the  last,  and  will  be  sent  into  the  main  at  every  rotation.  This  is  a 
very  great  advantage,  especially  when  the  water  is  to  be  much  rsdsed.  The 
saving  of  power  by  this  change  of  construction  is  always  proportional  to  the 
greatest  compression  of  the  air. 

The  chief  difficulty  in  any  of  these  forms  is  in  determining  the  form 
and  position  of  the  horn  and  the  scoop;  yet  on  this  the  performance  of  the 
machine  greatly  depends.  The  following  instructions  will  render  this  tol- 
erably easy.  Let  A  B  £  O,  (fig.  214,)  represent  the  first  or  outermost  spire, 
of  which  ^e  axis  is  C.  Suppose  the  machine  immerged  up  to  the  axis  in 
the  water  whose  surface  is  V  V':  it  has  been  seen  that  it  is  most  effective 
when  the  surfaces  K  B  and  O  n  of  the  water  columns  are  distant  from  each 


Digitized  by 


Google 


/>w»  214  tit  220 
216.p.  ?  43  'Ht>\p.  2JJ 


^27 


217 p.  ?44 


tf 


^ 


2l9.p.?46 


Kill 


220.p,246 


Digitized  by  VjOOQIC 


242  THE  OPERATIVE  MECHANIC 

11.  Desaguliers  describes,  in  the  second  volume  of  bis 
Experimental  Philoeophjff  a  very  simple  contrivance  to  raise 
water,  which  is  this :  to  one  end  of  a  rope  is  fixed  a  large 
bucket,  having  a  valve  at  its  bottom,  opening  upwards ;  to 
the  other  end  js  fastened  a  square  frame,  and  the  cord  is 
made  to  pass  over  two  pulleys,  each  of  about  15  inches 
diameter,  (and  fixed  in  a  horizontal  plane,)  in  such  a  manner 
that  as  the  bucket  descends  the  frame  ascends  with  equal 
velocity,  and  vice  versa.  The  frame  is  made  to  run  freely 
upon  four  vertical  iron  guide-rods  passing  through  holes  at 
its  four  corners;  and  when  the  bucket  is  filling  with  water  at 
the  well,  the  frame  stands  at  the  horizontal  plane  to  which 
the  water  is  to  be  raised;  when  the  bucket  is  full  a  man  stepe 
upon  the  frame ;  (his  weight,  together  with  that  of  the  frame, 
exceeding  the  weight  of  the  vessel  and  its  contained  water;) 
this  gives  an  ascending  motion  to  the  bucket,  and  causes  the 
valve  in  its  bottom  to  close.  When  the  bucket  is  raised  to 
the  proper  height,  a  hook  fixed  there  catches  into  a  hasp  at  the 
side  of  the  bucket,  turns  it  over,  and  causes  it  to  empty  its 
water  into  a  trough  which  conveys  it  where  it  is  required :  at 
this  time  the  man  and  the  descending  frame  have  arrived  at  a 
platform  which  prevents  their  further  descent,  where  the  man 
remains,  till  he  finds  the  bucket  above  is  empty ;  when  he  steps 
from  the  frame,  and  runs  up  a  flight  of  stairs  to  the  place  from 
which  he  descended :  the  bucket,  in  the  mean  while,  being 
somewhat  heavier  than  the  frame,  descends  to  the  water,  and 
raises  the  frame  to  its  original  position.  Thus  the  work  is 
continued,  the  man  being  at  rest  during  his  descent,  and  la- 
bouring in  the  ascent. 

Desa^liers  employed  in  this  kind  of  work  a  **  tavern  drawer^**  who  weigh- 
ed 160  lbs.  whom  he  desired  to  go  up  and  down  forty  steps  of  6^  inches  each, 
(in  all  about  22  feet, )  at  the  same  rate  he  would  go  up  and  down  all  day.  He 
went  up  and  down  twice  in  a  minute ;  so  that,  allowing  the  bucket  with  a 
quarter  of  a  hogshead  in  it  to  weigh  140  lbs.  he  is  able  to  raise  it  up  through 
22feet  twice  in  a  minute  :  this  Desaguliers  estimates  as  equivalent  to  a  whole 
hogshead  rajsed  11  feet  in  a  minute,  and  rather  exceeds  what  he  has  asngn- 
ed  as  a  maunum  of  human  exertion. 

This  machine  is  in  many  cases  not  only  the  most  simple,  but  the  bed 
that  can  be  devised ;  yet  it  is  one  that,  without  due  precautions,  is  likely  to 
be  a  very  bad  one .  The  frame  on  which  the  man  steps  must  be  brought  up 
to  its  place  again  by  a  preponderance  in  the  machine  when  unloaded  %  ft 
should  arrive  precisely  at  the  same  time  with  the  man ;  but  it  may  arrive 
sooner  or  later.  If  sooner,  it  is  of  no  use,  and  wastes  power  in  raiting  a 
counterpoise  which  is  needlessly  heavy,  or  in  fact  less  water  is  elevated  than 
the  man  is  able  to  elevate ;  if  later  there  is  a  loss  of  time.  Hence  the  per- 
fection of  this  truly  simple  machine  requires  the  judicious  combination  of 
two  maximums,  each  of  which  varies  in  a  ratio  compounded  of  two  other 
ratios.    In  will  n<ft  be^difficult»  however,  to  adjust  the  proportions  of  the 
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weight  of  the  bucket  and  that  of  the  frame:  for  if  B  denote  the  weight  of 
the  bucket,  F  that  of  the  frame,  and  t  the  force  necessary  to  overcome 
the  friction  and  the  inertia  of  the  pulleys,  g  denoting  32  l-6th  feet,  /  the 
time  occupied  in  walking  up  the  steps,  and  s  the  space  ascended  or  de- 
scended, then  must  U  and  F  be  so  adjusted  as  to  satisfy  the  following 
equation,  viz. 

If  there  be  a  spring  affording  but  a  small  quantity  of  water,  or  having  but 
a  small  fall,  it  is  possible  by  the  loss  of  some  of  the  water  to  raise  the  rest 
to  supply  a  gentleman's  seat,  or  any  place  where  it  is  wanted;  but  in  a  less 
quantitv  than  what  runs  waste,  if  the  place  to  which  the  water  is  to  be 
raised  is  higher  than  the  spring  or  reservoir  from  which  the  water  falls. 
Schottus  long  ago  contrived  an  engine  for  this  purpose:  but  the  first  who 
put  such  a  thing  into  execution  was  Gironimo  Finugio,  at  Rome,  in  1616; 
jind  the  first  in  this  country  was  George  Genres,  a  carpenter,  who,  in  the 
year  1725,  erected  an  engine  called  the  Multiplying  wheel  Bucket-engine, 
at  the  seat  of  Sir  John  Chester,  at  Chichley,  in  Buckinghamshire.  This 
engine  was  much  approved  by  Sir  Isaac  Newton,  Dr  Desag^liers,  and  Mr 
Beighton,  and  was  certainly  very  ingenious.  The  water  from  a  spring  de- 
tcenided  in  a  large  bucket  hanging  by  a  cord  from  an  axle,  while  a  smaller 
quantity  was  raised  from  the  same  place  by  a  cord  hanging  from  a  wheel 
on  the  same  axle:  a  fly  and  other  regulating  apparatus  were  added  to  make 
the  engine  work  itself,  which  it  did  for  many  years  without  being  out  of 
order.  As  a  whole,  however,  the  contrivance  is  complex ;  and  we  are  not 
aware  that  any  other  engines  of  the  same  Idnd  have  been  erected.  A 
description,  with  a  plate,  may  be  seen  in  Desagulier's  second  volume. 

1 2.  Mr  H.  Sarjeant,  of  Whitehaven,  contrived  a  very  cheap 
engine  for  raising  water,  for  which  the  Society  for  the  En- 
coaragement  of  Arts  awarded  him  a  silver  medal  in  the  year 
1801.     A  sketch  of  this  simple  invention  is  given  in  fig.  215. 

This  engine  was  erected  at  Irton-hall,  which  is  situated  on  an  ascent  of  60 
or  61  feet  perpendicular  height:  at  the  foot  of  this  elevation,  about  140 
yards  distant  from  the  offices,  there  runs  a  small  stream  of  water;  and,  in 
order  to  procure  a  constant  supply  of  that  necessary  fluid,  the  object  was 
to  raise  such  stream  to  the  house  for  culinary  or  domestic  uses.  With  this 
view,  a  dam  was  formed  at  a  short  distance  above  the  current,  so  as  to  cause 
a  fall  of  about  four  feet:  the  water  was  then  conducted  through  a  wooden 
trough,  into  which  a  piece  of  leaden  pipe,  two  inches  in  diameter,  was 
inserted,  and  part  of  which  is  delineated  at  A. 

The  stream  of  this  pipe  is  directed  in  such  a  manner  as  to  run  into  the 
bucket  B,  when  the  latter  is  elevated;  but,  as  soon  as  it  begfins  to  descend, 
the  stream  passes  over  it,  and  flows  progressivelv  to  supply  the  wooden 
trough  or  well,  at  the  foot  of  which  stands  the  forcing-pump  C,  being  three 
inches  in  diameter. 

D  is  an  iron  cylinder  attached  to  the  pump-rod,  which  passes  through  it: 
snch  cylinder  is  filled  with  lead,  and  weighs  about  240  pounds.  This  power 
works  the  pump,  and  forces  the  water  to  ascend  to  the  house  through  a 
pipe  one  inch  in  diameter,  and  which  is  420  feet  in  length. 

At  £  is  fixed  a  cord,  which,  when  the  bucket  approaches  to  within  four 
or  five  inches  of  its  lowest  projection,  extends,  and  opens  a  valve  in  the 
(>ottom  of  the  vessel  through  which  the  water  is  discharged. 

An  engine  in  a  gp'eat  degree  similar  to  this  was  erected  some  years  ago 
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by  the  late  James  Spedding,  Esq.  for  a  lead  mine  near  Keswick,  with  the 
addition  of  a  smaller  bucket  which  emptied  itself  into  the  larger  near  the 
beginning  of  its  descent,  without  which  addition  it  was  found  that  the 
beam  only  acquired  a  libtatory  motion,  without  making  a  full  and  effectire 
stroke. 

To  answer  this  purpose  in  a  more  simple  way,  Mr  Sarjeant  constructed 
the  small  engine  in  such  a  manner  as  to  finish  its  stroke,  (speaking  of  the 
bucket  end,)  when  the  beam  comes  into  a  horizontal  position,  or  a  little 
below  it  By  this  means  the  lever  is  virtually  lengthened  in  its  descent 
in  the  proportion  of  the  radius  to  the  cosine,  of  shout  thirty  degrees,  or 
as  seven  to  six  nearly,  and  consequently  its  power  is  increased  in  an  equal 
proportion. 

It  is  evident  that  the  opening  of  the  valve  might  have  been  effected, 
perhaps  better,  by  a  projecting  pin  at  the  bottom;  but  Mr  S.  chose  to  give 
an  exact  description  of  the  engine  as  it  stands.  U  has  now  been  some 
years  in  use,  and  completely  answers  the  purpose  intended. 

The  only  artificers  employed,  except  the  plumber,  were  a  country  black- 
smith and  carpenter;  and  the  whole  cost,  exclusive  of  the  pump  and  pipes, 
did  not  amount  to  5L 

In  a  letter*  dated  Whitehaven,  April  28, 1801,  Mr  Sarjeant  observes, 
that  the  pump  requires  about  18  gallons  of  water  in  the  bucket  to  raise  the 
counter-weight,  and  make  a  fresh  stroke  in  the  pump;  but  it  makes  three 
strokes  in  a  minute,  and  g^ves  about  a  half-gallon  into  the  cistern  at  each 
stroke.  He  adds,  <<  I  speak  of  what  it  did  in  the  driest  part  of  last  sum- 
mer; when  it  supplied  a  large  family,  together  with  work-people,  &c.  with 
water  for  all  purposes,  in  a  situation  where  none  was  to  be  had  before, 
except  some  bad  water  fix)m  a  common  pump,  which  has  been  since 
removed.  But  the  above  supply  being  more  than  sufficient,  the  machine 
is  occasionally  stopped  to  prevent  wear,  which  is  done  by  merely  casting 
off  the  string  of  the  bucket-valve." 

13.  Mr  Benjamin  Dearborn  has  contrived  an  bydraalic 
engine  which  may  be  conveniently  added  to  a  common 
pump,  and  thereby  renders  it  useful  in  further  elevating 
water,  and  particularly  in  extinguishing  fires :  the  following 
description  of  his  apparatus  is  extracted  from  the  Memoirs 
of  the  American  Academy. 

Fig.  216.  A,  D,  C,  P,  represents  a  pump,  the  form  of  which  is  amilar 
to  that  of  the  pumps  commonly  employed  on  ship-board. 

E,  the  spout. 

F,  a  stopper. 

D,  <i^  a  plank-cap,  that  is  fitted  to  the  pump,  and  provided  with  leather 
on  its  lower  surface,  being  secured  by  the  screws  a,  6  .*  in  ihe  centre  is  a 
hole,  through  which  the  spear  of  the  pump  passes,  and  round  which  a 
leather  collar  is  made,  as  represented  at  the  letter  c 

^,  a  nut  for  the  screw  b. 

f,  a  square  piece  of  wood  that  is  nailed  across  one  end  of  the  plank- 
cap,  through  both  which  the  screw  a  is  introduced:  a  hole  is  made 
through  such  piece  and  the  cap  that  communicates  with  the  bore  of  the 
pump. 

G,  G,  a  wooden  tube,  which  may  be  of  any  requiate  leng^,  and  consist 
of  any  number  of  joints;  it  is  made  square  at  the  lower  extremity,  and  per- 
forated for  the  reception  of  the  cock;  the  upper  end  being  made  with  a 
nic$  shoulder. 
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Cf  a  wooden  cock  that  opens  or  shuts  the  communication  between  the 
pump  and  the  tube,  being  furnished  on  the  opposite  side  with  a  handle  and 
with  a  lock^  in  case  it  should  be  found  necessary. 

A,  kf  are  two  ferules,  the  object  of  which  is  to  prevent  the  tube  from 
splitting-. 

H»  U,  braces,  each  of  which  ought  to  be  crossed  over  another,  as  nearly 
at  right  angles  as  possible. 

t,  t,  are  irons  in  form  of  a  staple,  which  surround  the  tube,  and  pass 
throu|^  the  braces ;  their  ends  being  perforated  with  holes  for  fore-locks. 

K,  I^  M,  N,  is  a  head  made  of  five  pieces  of  wood;  ky  l^  m,  n^  z  square 
piece,  in  the  lower  part  of  which  is  a  hole  for  the  reception  of  the  extre- 
mity of  the  tube,  and  which  piece  rests  on  the  shoulder  o,  p;  to  the  lower 
end  of  this  head  b  nailed  a  piece  of  leather,  with  a  hole  in  its  centre,  similar 
to  that  made  in  the  wood.  Another  piece  of  leather  of  the  same  form  is 
placed  on  the  top  of  the  tube,  and  between  both  is  a  circle  of  thin  plate- 
brass;  the  two  pieces  of  leather  and  the  brass  being  pressed  between  the 
lower  end  of  the  head  and  the  shoulder  of  the  tube.  Their  edges  are 
delineated  at  o,  p. 

K,  N,  and  L,  M,  are  the  edges  of  two  pieces  of  plank,  of  a  similar  width 
with  the  head,  to  which  they  are  closely  nailed,  each  being  provided  with 
a  tenon,  that  passes  through  a  mortice  in  the  end  of  the  piece  O,  P:  both 
tenons  have  holes  for  a  fore-lock  at  q, 

O,  P,  a  piece  of  i>lank  of  the  same  width  as  the  sides;  the  centre  of 
which  is  perforated,  in  order  that  the  tube  may  pass  through;  and  in  each 
end  of  which  is  a  mortice  for  the  reception  of  tne  tenons. 

N,  M,  a  cap. 

r,  r,  are  two  pieces  nailed  to  the  side  of  the  tube;  the  lower  extremity 
of  each  is  provided  with  a  truck,  with  a  view  to  lessen  the  friction  of  the 
head  in  its  horizontal  revolution. 

q,  q,  represents  fore-locks,  the  design  of  which  is  to  fasten  down  the 
head,  and  prevent  the  water  from  escaping  at  the  joint  o,  p. 

Q,  R,  is  a  wooden  conductor:  the  extremity  marked  with  the  letter  Q. 
being  solid,  while  the  opposite  end,  R,  is  bored  with  a  small  auger. 

«,  a  bolt  that  passes  through  the  conductor  and  head,  and  being  secured 
on  the  back  with  a  fore-lock  or  nut:  this  bolt  is  rounded  near  the  head» 
and  square  in  the  middle. 

t,  u^  10,  X,  represents  a  piece  of  iron  or  brass,  designed  to  prevent  the 
head  of  the  bolt  from  wearing  into  the  wood. 

S,  S,  are  ropes  for  the  direction  of  the  conductor. 

fig'  217  represents  the  head  without  such  conductor. 

a,  0,  e,  d^  is  a  thick  brass  plate,  the  centre  of  which  is  perforated,  so  as 
to  admit  a  passage  to  impurities,  that  might  otherwise  obstruct  the  con- 
ductor: for  which  purpose  a  piece  of  leather  is  nailed  under  it  to  the  head. 
The  square  hole  in  the  centre  is  adapted  to  the  size  of  the  bolt,  which  it 
prevents  from  turning.  The  conductor  has  a  hollow  cut  round  the  bolt  on 
ihe  inside,  of  the  same  size  as  the  circle  of  holes  in  the  brass ;  round  such 
cavity  is  nailed,  on  the  face  of  the  conductor,  a  piece  of  leather,  that  plays 
on  the  margin  of  the  brass  plate  when  the  conductor  is  in  motion. 

In  the  conclusion  of  his  memoir,  Mr  Dearborn  observes,  that  he  has 
raised  a  tube  of  30  feet  on  his  pump;  and,  though  the  severity  of  the  sea- 
son had  prevented  him  from  completing  it^  so  that  one  person  only  could 
work  at  the  brake,  yet  he  is  enabled  to  throw  water  on  a  contiguous  build- 
ing, the  nearest  part  of  which  is  37  feet  from  the  pump,  and  between  30 
and  40  feet  in  height 

14.  Jlrchimedea'a  Screw ^  or  the  Spiral  Pump,  or,  as  it  is 
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called  in  Germany,  the  Water-snail,  is  a  machine  for  the 
raising  of  water,  first  invented  by  Archimedes. 

Its  stracture  and  use  wilt  be  understood  by  the  following 
description  of  it. 

Fig.  218.  Ay  B,  C,  D,  is  a  wheel,  which  is  turned  round,  according  to 
the  order  of  the  letters,  by  the  fall  of  water  E  F,  which  need  not  be  more 
than  three  feet.  The  axle  G  of  the  wheel  is  elevated  so  as  to  make  an  an- 
gle of  about  44^,  or  between  45^  and  60^,  with  the  horizon;  and  on  the  top  of 
that  axle  is  a  wheel  H,  which  turns  such  another  wheel  I  of  the  same  num- 
ber of  teeth;  the  axle  K  of  this  last  wheel  being  parallel  to  the  axle  G  of 
the  two  former  wheels.  The  axle  G  is  cut  into  a  double-threaded  screw, 
fig.  219,  exactly  resembling  the  screw  on  the  axis  of  the  fly  of  a  common 
jack,  which  must  be  what  is  called  a  right-handed  screw,  like  the  wood 
screws,  if  the  first  wheel  turns  in  the  direction  A  B  C  D;  but  it  must  be 
a  left-handed  screw,  if  the  stream  turns  the  wheel  the  contrary  way?  and 
the  screw  on  the  axle  G  must  be  cut  in  a  contrary  way  to  that  on  the  axle 
K,  because  these  axles  turn  in  contrary  directions. 

These  screws  must  be  covered  close  over  with  boards,  like  those  of  a 
cylindrical  cask ;  and  then  they  will  be  spiral  tubes.  Or  tiiey  may  be  made 
of  tubes  of  stiff  leather,  and  wrapped  round  the  axles  in  shallow  g^rooves 
cut  therein,  as  fig.  220.  The  lower  end  of  the  axle  G  turns  constantly  in 
the  stream  that  turns  the  wheel,  and  the  lower  ends  of  the  spiral  tubes  are 
open  unto  the  water.  So  that,  as  the  wheel  and  axle  are  turned  round, 
the  water  rises  in  the  spiral  tubes,  and  runs  out  at  Q,  through  the  holes 
M  N,  as  they  come  about  below  the  axle.  These  holes,  of  which  there 
may  be  any  number,  as  four  or  six,  in  a  broad  close  ring  on  the  top  of  the 
axle,  into  which  ring  the  water  is  delivered  from  the  upper  open  ends  of 
the  screw  tubes,  and  falls  into  the  open  box  N.  The  lower  end  of  the 
axle  K  turns  on  a  gudgeon,  in  the  water  N;  and  the  spiral  tubes  in  that 
axle  take  up  the  water  from  N,  and  deliver  it  into  another  such  a  box  under 
the  top  of  K;  on  which  there  may  be  such  another  wheel  as  I,  to  turn  a 
third  axle  by  such  a  wheel  upon  it.  And  in  this  manner  water  may  be 
raised  to  any  g^ven  height,  where  there  is  a  stream  sufficient  for  that  pur- 
pose to  act  on  the  broad  float-boards  of  the  first  wheel. 

15.  Another  kind  of  engine,  called  the  PreMSure  Engine^ 
several  of  which  have  been  lately  erected  in  different  parts 
of  the  country,  is  used  for  raising  water  by  the  pressure  and 
descent  of  a  column  enclosed  in  a  pipe.  The  principle  was 
first  adopted  in  France,  in  some  machinery  erected  about 
1731,  and  is  described  by  Belidor,  in  his  Arch.  HydrauL  lib. 
iv.  ch.  1.  But  the  engine  we  are  now  going  to  describe  is 
the  invention  of  Mr  Trevitheck,  who  probably  was  not  aware 
that  one  of  a  similar  nature  had  been  before  attempted. 
It  was  erected  about  thirty  years  ago  at  the  Druid  Copper* 
mine,  in  the  parish  of  Illo^an,  near  Truro. 

A  section  of  it  is  given  in  fig.  221. 

A  B  represent  a  pipe  six  inches  in  diameter,  through  which  water  descends 
from  the  head  to  the  place  of  its  delivery  to  run  off  by  an  adit  at  S,  through 
a  fall  of  34  fathoms  in  the  whole ;  that  is  to  say,  in  a  close  pipe  down  the 
slope  of  a  hill  200  fathoms  long,  with  26  fiithoms  fall,  then  perpendicularly 
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aix  fathome  till  it  arrives  at  B,  and  thence  through  the  engine  from  B  to  6 
two  fikthoms.  At  the  turn  B  the  water  enters  into  a  chamber  C>  the  lower  , 
part  of  which  terminates  in  two  brass  cylinders,  four  inches  in  diameter,  in 
which  two  plugs  or  pistons  of  lead,  D  and  E,  are  capable  of  moving  up  and 
down  by  their  piston-rods,  which  pass  through  a  close  packing  above,  and 
are  atta^ed  to  the  extremities  of  a  chain  leading  over  and  properly  attached 
to  the  wheel  Q,  so  that  it  cannot  slip. 

The  leaden  pipes  D  and  E  are  cast  in  their  places,  and  have  no  packing 
whatever.  They  move  very  easily;  and  if  at  any  time  they  should  become 
loose,  they  may  be  spread  out  by  a  few  blows  with  a  proper  instrument, 
withoi^  taking  them  out  of  their  place.  On  the  sides  of  the  two  brass  cylin- 
ders in  which  D  and  E  move,  there  are  square  holes  communicating  towards 
F  and  G,  which  is  a  horizontal  trunk  or  square  pipe,  four  inches  wide  and 
three  inches  deep.  All  the  other  pipes  G,  G,  and  R,  are  six  inches  in  di- 
ameter, except  the  principal  cylinder  wherein  the  piston  H  moves;  and  this 
cylinder  is  ten  inches  in  duimeter,  and  admits  a  nine-foot  stroke,  though  it  is 
here  delineated  as  if  the  stroke  were  only  a  three-foot 

The  piston-rod  works  through  a  stuffing-box  above,  and  is  attached  to 
M  N,  which  is  the  pit-rod,  or  a  perpendicular  piece  divided  into  two,  so  as 
to  allow  its  alternate  motion  up  and  down,  and  leave  a  space  between,  with- 
out touching  the  fixed  apparatus  or  great  cylinder.  The  pit-rod  is  prolong- 
ed down  into  the  mine,  where  it  is  employed  to  work  the  pumps;  or  if  the 
engine  were  applied  to  mill-work,  or  any  other  use,  this  rod  would  form  the 
communication  of  the  first  mover. 

K  L  is  a  tumbler,  or  tumblinp^-bob,  Capable  of  being  moved  on  the  gud- 
geon V,  from  its  present  position  to  another,  in  which  the  weight  L  shall 
hang  over  the  same  inclination  on  the  opposite  side  of  the  perpendicular, 
and  consequently  the  end  K  will  then  be  as  much  elevated  as  it  is  now 
depressed. 

The  pipe  R  S  has  its  lower  end  immersed  in  a  cistern,  by  which  means  it 
delivers  its  water  without  the  possibility  of  the  external  air  introducing 
itself;  so  that  it  constitutes  a  torricellian  column,  or  water  barometer,  and 
renders  the  whole  column  from  A  to  S  effectual:  as  we  shall  see  in  our  view 
of  the  operation. 

Let  us  suppose  the  lower  bar  K  V  of  &e  tumbler  to  be  horizontal,  and  the 
rod  P  O  so  situated,  as  that  the  plugs  or  leaden  pistons  D  and  E  shall  lie  op- 
posite to  each  other,  and  stop  the  water  ways  G  and  F.  In  this  state  of  the 
engine,  though  each  of  these  pistons  is  pressed  by  a  force  equivalent  to  more 
than  1000  pounds,  they  will  remain  motionless,  because  these  actions  being 
contrary  to  each  other,  they  are  constantly  in  equilibrio.  The  g^at  piston 
H  being  here  shown  as  at  the  bottom  of  its  cylinder,  the  tumbler  is  to  be 
thrown  by  hand  into  the  position  here  delineated.  Its  action  upon  O  P,  and 
consequently  upon  the  wheel  Q,  draws  up  the  plug  D,  and  depresses  E,  so 
that  the  water-way  G  becomes  open  from  A  B,  and  that  of  F  to  the  pipe  R; 
the  water  consequently  descends  from  A  to  C;  thence  to  G  G  G,  until  it 
acts  beneath  the  piston  H.  This  pressure  raises  the  piston,  and  if  there  be 
any  water  above  the  piston,  it  causes  it  to  rise  and  pass  through  F  into  R. 
During  the  rise  of  the  piston,  (which  carries  the  pit-rod  M  N  along  with 
it,)  a  sliding  block  of  wood  I,  fixed  to  this  rod,  is  brought  into  contact  with 
the  tail  K,  of  the  tumbler,  and  raises  it  to  the  horizontal  position,  beyond 
which  it  oversets  by  the  acquired  motion  of  the  wheel  L. 

The  mere  rise  of  the  piston,  if  there  were  no  additional  motion  in  the 
tnmbler,  would  only  bring  the  two  plugs  D  and  B  to  the  position  of  rest, 
namely,  to  close  G  and  P,  and  then  the  engine  would  stop;  but  the  fall  of 
the  tumbler  carries  the  plug  D  downwards  quite  clear  of  the  hole  F,  and 
the  other  plug  £  upwards,  quite  clear  of  the  hole  G.    These  motions 
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require  no  consumption  of  power>  because  the  plugi  are  in  equilibrio,  as 
was  just  observed. 

In  this  new  situation  the  column  A  B  no  long^  communicates  with  G, 
but  acts  through  F  upon  the  upper  part  of  the  piston  U,  and  depresses  it; 
while  the  contents  of  the  great  cylinder  beneath  that  piston  are  driven  out 
through  G  G  G,  and  pass  through  the  opening  at  £  into  R.  It  may  be 
observed,  that  the  column  which  acts  agunst  the  piston  is  asasted  by  the 
pressure  of  the  atmosphere,  rendered  active  by  the  column  of  water  hanging 
m  R,  to  which  that  assisting  pressure  is  equivalent,  as  has  already  been 
noticed. 

When  the  piston  has  descended  through  a  certain  length,  the  slide  or 
block  at  T,  upon  the  pit-rod,  applies  against  the  tidl  K  of  the  tumbler, 
which  it  depresses,  and  again  oversets;  producing  once  more  the  positioa 
of  the  plugs  D  E,  here  delineated,  and  the  consequent  ascent  of  the  great 
piston  U,  as  before  described.  The  ascent  produces  its  former  effect  on  the 
tumbler  and  plugs;  and  in  this  manner  it  is  evident  that  the  alterations  will 
go  on  without  limits  or  until  the  manager  shall  think  fit  to  place  the  tumbler 
and  plugs  D  £  in  the  positions  of  rest;  namely,  so  as  to  stop  ^e  passages  F 
andG. 

The  length  of  the  stroke  may  be  varied  by  altering  the  positions  of  tiie 
pieces  T  and  I,  which  will  shorten  the  stroke  the  nearer  tliey  are  together; 
as  in  that  case  they  will  sooner  alternate  upon  the  tail  K. 

As  the  sudden  stoppage  of  the  descent  of  the  column  A  B,  at  the  instant 
when  the  two  plugs  were  both  in  the  water-way,  mig^t  jar  and  shake  the 
apparatus,  those  plugs  are  made  half  an  inch  shorter  than  the  depth  of  the 
side  holes;  so  that  in  that  case  the  water  can  escape  directly  through  both 
the  small  cylinders  to  R.  This  gives  a  moment  of  time  for  the  generation  of 
the  contrary  motion  in  the  piston  and  the  water  in  G  G  G,  and  g^reatly  dead- 
ens the  concussion  which  mig^t  else  be  produced. 

Some  former  attempts  to  make  pressure-engines  upon  the 
principle  of  the  steam-engine  have  failed ;  because  water, 
not  being  elastic,  could  not  be  made  to  carry  the  piston 
onwards  a  little,  so  as  completely  to  shut  one  set  of  valves 
and  open  another.  In  the  present  judicious  construction, 
the  tumbler  performs  the  office  of  the  expansive  force  of 
steam  at  the  end  of  the  stroke. 

Mr  Boswell  suggests,  as  a  considerable  improvement,  that 
the  action  of  this  engine  should  be  made  elastic  by  the  addi* 
tion  of  an  air-chamber,  on  the  same  principle  as  that  used  in 
fire-engines ;  this,  he  thinks,  miff  ht  be  best  effected  by  making 
the  piston  hollow,  with  a  small  orifice  in  the  bottom,  and  of 
a  larger  size,  to  serve  for  this  purpose,  as  the  spring  of  the 
air  would  then  act  both  on  the  upward  and  downward  press- 
ure of  the  water. 

There  are  many  other  ingenious  hydraulic  engines  of 
great  utility,  which  the  limits  of  our  work  will  not  permit 
us  to  describe ;  in  order,  therefore,  to  supply  the  deficiency, 
we  shall  add  a  catalogue  of  the  most  important  writings  on 
this  kind  of  engine. 
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Descriptio  Machine  Hydraulics^  curiosae  constructs  Joh.  Geor.  Faudieri. 
Vcnet.  1607. 

Nouyelle  Invention  de  lever  TEau,  plus  baut  que  la  Source,  avec  quelque 
Machines  Mouvantespar  le  Moyen  de  TEau,  &c.  par  Isaac  de  Caus,  1657. 

Josepbi  Gregorii  a  Monte  Sacr.  Principia  Physico-mechanica  diversarum 
Machinarum  seu  Instrumentorum  Pneumatices  ac  Uydraulices.  V enet  1664. 

Nouvelle  Machine  Hydraulique,  par  Francini.     Joum.  desS^v.  1669. 

[An  account  of  this  machine  is  likewise  given  in  the  Architecture  Hydrau- 
Itque  of  Belidor,  torn.  %  and  in  the  2d  vol.  of  Desaguliers'  Experimental 
Philosophy  :  in  both  which  performances  many  other  hydraulic  machines 
are  described.] 

An  Undertaking  for  raising  Water,  by  Sir  Samuel  Moreland.  Phil.  Trans. 
1674^  No.  102. 

An  Hydraulic  Engine,  by Phil.  Trans.  1675,  No.  128. 

A  cheap  Pump,  by  Mr  Conyers.    Phil.  Trans.  1677,  No.  136. 

M.  de  Hautefeuille,  Reflexions  sur  quelques  Machines  k  Clever  les  Eauz 
avec  sa  Description  d'une  nouvelle  Pompe,  sans  Frottement  et  sans  Piston, 
Sec.  1682. 

Elevation  des  Eaux  par  toute  sorte  de  Machines,  r^duite  k  la  mesure,  au 
poids,  k  la  balance,  par  le  moyen  d'un  nouveau  piston  et  corps  de  pompe,  et 
d'un  nouveau  mouvement  cyclo-elliptique,  et  rejetant  Pusage  de  toute  sorte 
de  manivelles  ordinaires,  par  le  Chevalier  Morland.     1685. 

A  new  Way  of  raising  Water,  enigmatically  proposed,  by  Dr  Papin.  Phil. 
Trans.  1685,  No.  173.  The  solutions  by  Dr  Vincent  and  Mr  IL  A.  in  No. 
177. 

M.  du  Torax,  Nouvelles  Machines  pour  ^puiser  I'Eau  des  Fondations,  qui, 
quoique  tr^s  simples,  font  un  efFet  surprenant.  1695.  Joum.  des  S^av. 
1695,  p.  293. 

An  Engine  for  raising  Water  by  the  help  of  Fire,  by  Mr  Tho.  Savery. 
PhiL  Trans.  1699,  No.  2S3. 

D.  Papin,  Nouvelle  Mani^re  pour  lever  PEau  par  la  Force  du  Feu:  k 
Cassel.  1707. 

Memoire  pour  la  Construction  d*une  Pompe  qui  foumit  continuellement  de 
P£au  dans  le  Reservoir,  par  M.  de  la  Hire,  Mem.  Acad.  Sci.  Paris.  1716. 

Description  d'une  Machine  pour  Clever  des  Eaux,  par  M.  de  la  Faye, 
Mem.  Acad.  Sci.  Paris.  1717. 

Job.  Jac  Bruckmann's  und  Joh.  Heinr.  Weber's  Elementar-maschine, 
Oder  universal-mittel  bey  alien  wasser-hebungen.     CasseL  1720. 

Jacob  Leupold,  Theatri  Machinarum  Hydraulicarum.     1724,  1725. 

Job.  Frid.  Weidleri  Tractatus,  de  Machinis  Hydraulicis  toto  terrarum 
orbe  maximis  Marly ensl  et  Londinensi,  4'c.  1727.  Vide  Act  erudit  L.ips. 
1728. 

A  Description  of  the  Water-works  at  London-bridge,  by  H.  Beighton, 
P.  H.  S.     PliiL  Trans.  1731,  No.  417. 

An  Account  of  a  new  Engine  for  raising  Water,  in  which  horses  or  other 
aairoals  draw  without  any  loss  of  power,  (which  has  never  yet  been  prac- 
tised;)  and  how  the  strokes  of  the  piston  may  be  made  of  any  leng^,  to 
prevent  the  loss  of  water  by  the  too  frequent  opening  of  valves,  &c.  by 
Walter  Churchman.     Phil.  Trans.  1734. 

Sur  PEfiet  d'une  Machine  Hydraulique  propos^e  par  M.  Segner,  par  M. 
Leon.  Euler,  Mem.  Acad.  Sci.  Berlin.     1750. 

Application  de  la  Machine  Hydraulique  de  M.  Segner  k  toutes  sortes 
d'ouvrages,  et  de  ses  advantages  sur  les  autres  Machines  Hydrauliques,  par 
If.  Leon.  Euler,  Mem.  Acad..  Sci.  Berlin.     1751. 

[M.  Segner's  machine  is  no  other  than  the  simple  yet  truly  ingenious  con- 
trivance known  by  the  name  of  Barker's  mill,  which  had  been  described  in 
2  G 
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atie  2d  volume  of  DesagfuHers*  Philosophy,  some  yean  before  the  Gennan 
professor  made  any  pretensions  to  the  honour  of  the  invention.  The  theoiy 
of  it  is  likewise  treated  by  John  Bernoulli  at  the  end  of  his  Hydraulics.] 

Recherches  sur  une  nouvelle  mani^re  d'^lever  de  PEau  propos^e  par  M. 
de  Mour,  parM.  I..  Euler,  Mem.  Acad.  Berlin.     1751. 

Discussion  particuliire  de  diverses  mani^res  d'^lever  de  I'Eau  par  le 
moyen  des  Pompes,  par  M.  L.  Euler,  Mem.  Acad.  Ber.  1752. 

Maximes  pour  arranger  le  plus  avantag^usement  les  Machines  destinies  k 
Clever  de  I'Eau  par  le  moyen  des  Pompes,  par  M.  L.  Euler,  Mem.  Acad. 
Ber.  1752. 

Reflexions  sur  les  Machines  Hydrauliques,  par  M.  le  Chevalier  D'Aroy, 
Mem.  Acad.  Sci.  Paris.     1754. 

M^moire  sur  les  Pompes,  par  M.  le  Chevalier  de  Borda,  Mem.  Acad.  Set. 
Paris.     1768. 

Dan.  Bernoulli  Expositio  Theoretica  singularis  Machins  Hydraulics. 
Piguri  helvetiorum,  exstructae.  Nov.  Com.  Acad.  Petrop.  1772. 

Abhandlungen  von  der  Wasserschraube,  von  D.  Scherffer,  Priester. 
Wien.  1774. 

Recherches  sur  les  Moyens  d'ex^cuter  sous  I'Eau  toutes  sortes  de  Travaux 
Hydrauliquei^  sans  employer  aticun  Epuisement,  par  M.  Coulumb.  1779. 

Saemund  Magnussen  Holm,  Efterretning  om  skye  Pumpen.  Riobenhavn^ 
1779. 

Moyen  d'aug^enter  la  Vitesse  dans  le  Mouvement  de  la  Vis  d'ArchimMe 
fur  son  Axe,  tir^  des  M^moires  Manuscrits  de  M.  Ping^ron,  sur  les  Arts  utiles 
et  afipr^bles.    Joum.  d'Agric.  Juin,  1780. 

The  Theory  of  the  Syphon,  plainly  and  methodically  illustrated.  1781. 
(Richardson.) 

Memoria  sopra  la  nuova  Tromba  Funiculare  Umiliata,  dal  Can.  Carlo 
Castelli.     MHano.  1782. 

Dissertation  de  M.  de  Parcieux,  sur  le  moyen  d'^ever  I'Eau  par  la  rota- 
tion d'une  corde  verticale  sans  fin.    Amsterdam  et  Paris,  1792. 

Theorie  der  Wirzischen  Spiral  Pumpe,  erlilutert  von  Heinr.  Nicander. 
Schwed.  Abhandl.  1783. 

Jac.  Bernoulli,  Essai  sur  une  nouvelle  Machine  Hydraulique  propre  ^ 
Clever  de  I'Eau,  et  qu'on  pent  nommer  Machine  Pitotienne.  Nov.  Act. 
Acad.  Petrop.  1786. 

K.  Ch.  Lang^orTs  Berechnungen  iiber  die  Vortheilhaeftere  Benutzun^ 
Angeleg^er  Fammelteiche  zur  Betriebung  der  Maschinen.  Act.  Acad.  Elect 
Mogunt.  1784,  1785. 

Nicander's  Theorie  der  Spiral  Pumpe.     1789. 

Nouvelle  Architecture  Hydraulique,  par  M.  Prony.  1790,  1796. 

A  short  Account  of  theflnvention.  Theory,  and  Practice  of  Fire  Machinery; 
or.  Introduction  to  the  Art  of  making  Machines  vulgarly  called  Steam-£nl 

Sines,  in  order  to  extract  water  from  mines,  convey  it  to  towns,  and  jeta- 
'eaux  in  gardens;  to  procure  water-falls  for  fulling,  hammering,  stampimr 
rolling:,  •"<!  com-milb;  by  W.  Blakey.     1793. 

PUMPS. 

1.  The  construction  of  pumps  is  usually  explained  by  glass 
models,  in  which  the  action  both  of  the  pistons  and  valves 
may  be  seen. 

In  order  to  understand  the  structure  and  operation  of  the  common  pump, 
let  the  model  D  C  B  L,  fig.  222,  be  pkced  upright  in  the  vessel  of  water  K, 
the  water  being  deep  enough  to  rise  at  least  as  high  as  from  A  to  L.    The 
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valre  a  on  the  movable  backet  G*  and  the  valve  b  on  the  fixed  box  H»  (which 
box  quite  fills  the  bore  of  the  pipe  or  barrel  at  H,)  will  each  lie  close  by  its 
own  weight,  upon  the  hole  in  the  bucket  and  box,  until  the  engine  begins 
to  work.  The  valves  are  made  of  brass,  and  covered  undenieam  with  lea* 
ther,  for  closing  the  hole  more  exactly;  and  the  bucket  G  is  raised  and  de- 
pressed alternately  by  the  handle  £  and  rod  D  <i,  the  bucket  being*  suppos- 
ed at  B  before  the  working  begins. 

Take  hold  of  the  handle  E,  and  thereby  draw  up  the  bucket  from  B  to'C, 
which  will  make  room  for  the  air  in  the  pump  all  the  way  below  the  bucket 
to  dilate  itself,  by  which  its  spring  is  weakened,  and  then  its  force  is  not 
equivalent  to  the  weight  or  pressure  of  the  outward  air  upon  the  water  in 
the  vessel  K;  and  therefore  at  the  first  stroke,  the  outward  air  will  press  up 
the  water  through  the  notched  foot  A,  into  the  lower  pipe,  as  far  as  e:  this 
will  condense  the  rarefied  air  in  the  pipe  between  «  and  C  to  the  same  state 
ms  it  was  in  before;  and  then,  as  its  spring  within  the  pipe  is  equal  to  the 
force  or  pressure  of  the  outward  air,  the  water  will  rise  no  higher  by  the  first 
stroke;  and  the  valve  b,  which  was  raised  a  little  by  the  dilatation  of  the  air 
in  the  pipe  will  fidi,  and  stop  the  hole  in  the  box  H;  and  the  surface  of  the 
water  will  stand  at  e.  Then  depress  the  piston  or  bucket  from  C  to  B,  and 
as  the  air  in  the  part  B  cannot  get  back  ag^n  through  the  valve  b,  it  will^ 
(as  the  backet  descends,)  raise  Sie  valve  a,  and  so  maS:e  its  way  through  the 
tipper  part  of  the  barrel  d  into  the  open  air.  But,  upon  raising  the  bucket  G 
«  second  time,  the  air  between  it  and  the  water,  in  the  lower  pipe  at«,  will 
be  again  left  at  liberty  to  fill  a  lai^r  space;  and  so  its  spring  being  again 
weakened,  the  pressure  of  the  outward  air  on  the  water  in  the  vesselK  will 
force  more  water  up  into  the  lower  pipe  from*  to/-  and  when  the  bucket  is 
at  its  greatest  height  C,  the  lower  valve  b  will  fall,  and  stop  the  hole  in  the 
box  U  as  before.  At  the  next  stroke  of  the  bucket  or  piston,  the  water  will 
rise  through  the  box  R  towards  B,  and  then  the  valve  b,  which  was  raised  by 
h,  will  &11  when  the  bucket  G  is  at  its  greatest  height  Upon  depressing  the 
backet  again,  the  water  cannot  be  pushed  back  through  the  valve  b,  which 
keeps  close  upon  the  hole  whilst  the  piston  descends.  And  upon  raising  the 
piston  again,  the  outward  pressure  of  the  air  will  force  the  water  up  through 
H,  where  it  will  raise  the  valve,  and  follow  the  bucket  to  C.  Upon  the  next 
depression  of  the  backet  G,  it  will  go  down  into  the  water  into  the  barrel  B; 
and  as  the  water  cannot  be  driven  back  through  the  now  close  valve  6,  it  will 
raise  the  valve  a  as  the  bucket  descends,  and  will  be  lifted  up  by  the  bucket 
when  it  is  next  raised.  And  now,  the  whole  space  below  the  bucket  being 
lull,  the  water  above  it  cannot  sink  when  it  is  depressed;  but  upon  its  de- 
pression, the  valve  a  will  rise  to  let  the  bucket  go  down ;  and  when  it  b 
quite  down;  the  valve  a  will  fiill  by  its  own  weight,  and  stop  the  hole  in  the 
bucket  When  the  bucket  is  next  raised,  all  the  water  above  it  will  be 
lilted  up,  and  begin  to  run  ofC  by  the  pipe  F.  And  thus  by  raising  and  de- 
pressing the  bucket  alternately,  there  is  still  more  water  raised  by  it; 
whicl^  getting  above  the  pipe  F,  into  the  wide  top  I,  will  supply  the  pipe, 
and  nu&e  it  run  with  a  continued  stream. 

So,  at  every  time  the  bucket  is  raised,  the  valve  b  rises,  and  the  valve  a 
fiJlss  and  at  every  time  the  bucket  is  depressed,  the  valve  b  falls  and  the 
valve  a  rises. 

As  it  is  the  pressure  of  the  air  or  atmosphere  which  causes  the  water  to  rise^ 
andfoUow  the  piston  or  bucket  Gas  it  is  drawn  up;  and  sinceacolumn  of  water 
32  feet  high  is  of  equal  weight  with  as  thick  a  column  of  the  atmosphere, 
fit>m  the  earth  to  the  very  top  of  the  air;  therefore  the  perpendicular  height 
«f  the  piston  or  bucket  from  the  surface  of  the  water  in  the  well  must  alwaya 
be  less  than  32  feet ;  otherwise  the  water  will  never  get  above  the  buoketn 
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But  wh«n  the  height  bless,' the  pressure  of  the  atmosphere  will  be  greater 
than  the  weight  of  the  water  in  the  pump,  and  will  therefore  raise  it  above 
the  bucket;  and  when  the  water  has  once  got  above  the  bucket,  it  may  be 
lifted  to  any  height,  if  the  rod  D  be  made  long  enough,  and  a  sufficient  de- 
gree of  strength  be  employed,  to  raise  it  with  the  weight  of  the  waten^ove  • 
the  bucket  without  ever  lengthemng  the  stroke; 

The  force  required  to  work  a  pamp  will  be  as  the  height 
to  which  the  water  is  rajised,  and  as  the  square  of  the  diame- 
ter of  the  pump-bore  in  that  part  where  the  piston  works. 
So  that  if  two  pumps  be  made  of  equal  heights,  and  one  of 
them  be  twice  as  wide  in  the  bore  as  the  other,  the  widest  will 
raise  four  times  as  much  water  as  the  narrowest,  and  will  re- 
quire therefore  four  times  as  much  strength  to  work  it. 

The  wideness  or  narrowness  of  the  pump  lA  any  other  pari 
besides  that  in  which  the  piston  works,  does  not  make  the 
pump  either  more  or  less  difficult  to  work,  except  what  differ- 
ence may  arise  from  the  friction  of  the  water  in  the  bore, 
which  is  always  greater  in  a  narrow  bore  than  in  a  wide  one, 
because  of  the  great  velocity  of  the  water. 

The  pump-red  is  never  raised  directly  by  such  a  handle  as 
E  at  the  top,  but  by  means  of  a  lever,  whose  longer  arm,  (at 
the  end  of  which  the  power  is  applied,)  generally  exceeds 
the  length  of  the  shorter  arm  five  or  six  times,  and  by  that 
means  gives  five  or  six  times  as  much  advantage  to  the  power. 
Upon  these  principles,  it  will  be  easy  to  find  the  dimensions 
of  a  pump  that  shall  work  with  a  given  force,  and  draw  wa- 
ter from  any  given  depth. 

The  quantity  of  water  raised  by  each  stroke  of  the  pump- 
handle  is  just  as  much  as  fills  that  part  of  the  bore  in  which 
the  piston  works,  be  the  size  of  the  rest  of  the  bore  above  and 
below  the  piston  what  it  will.  The  pressure  of  the  atmo- 
sphere will  rais^  the  water  32  feet  in  a  pipe  exhausted  of  air ; 
but  it  is  advisable  never  to  have  the  piston  more  than  20  or 
24  feet  above  the  level  of  the  surface  of  the  water  in  which 
the  lower  end  of  the  pump  is  placed ;  and  the  power  required 
to  work  the  pump  will  be  the  same,  whether  the  piston  goes 
down  to  lie  on  a  level  with  the  surface  of  the  well,  or  whether 
it  works  30  feet  above  that  surface,  because  the  weight  of  the 
column  of  air  that  the  piston  lifts  i^  equal  to  the  weight  or 
pressure  of  the  column  of  water  raised  by  the  pressure  of  the 
air  to  the  piston.  And  although  the  pressure  of  the  air  on 
the  surface  of  the  well  will  not  raise.or  force  up  the  water  in 
the  pump-bore  more  than  32  feet,  yet  when  the  piston  goes 
down  into  the  column  so  raised,  the  water  gets  above  it,  and 
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may  then  be  raised  to  any  height  whatever  above  the  piston, 
according  to  the  quantity  of  power  applied  to  the  handle  of 
the  pump  for  that  purpose. 

Pumps  ought  to  be  made  so,  (says  Mr  Ferguson,)  as  to 
work  with  equai  ease  in  raising  the  water  to  any  given  height 
above  the  surface  of  the  well.  And  this  may  be  done  by  duly 
proportioning  the  diameter  of  the  bore,  (in  that  part  where 
the  piston  works,)  to  the  height  the  water  is  to  be  raised,  as 
that  the  column  of  water  may  be  no  heavier  in  a  long  pump 
than  in  a  short  one,  or  indeed  equally  heavy  in  all  pumps 
from  the  shortest  to  the  longest,  on  a  supposition  that  the  dia- 
meter of  the  bore  is  the  same  size  from  top  to  bottom;  and 
whatever  size  the  bore  be,  above  or  below  that  part  in  which 
the  piston  works,  the  power  required  to  work  the  puocip  will 
be  just  the  same  as  if  the  bore  was  of  the  same  size  througl^ 
out. 

In  order  that  a  man  of  common  strength  may  raise  water 
by  pumps  with  the  same  ea$e,  to  any  height  not  less  thap 
10  feet,  or  more  than  100  fiset,  above  the  surface  of  the  wel|, 
Mr  Ferguson  has  calculated  the  annexed  table,  in  which  th^ 
diameter  of  the  bore  is  duly  proportioned  to  the  height ;  and 
in  these  calculations  he  supposes  the  posip-handle  to  be  a 
lever  increasing  the  power  five  times. 


Helsbtoftbe 

Diameter  of  the 

Water  discharged  In 

munp,  in  feet. 

I 

tKwe. 

a  minute, 
in  wine  measiue. 

ofthewelL 

lOOwtftoof 

\ 

Inches,   anlnch. 

OaUona. 

Pints. 

10 

6 

.93 

81 

16 

.66 

54 

20 

.90 

40 

26 

.38 

82 

80 

.00 

27 

66 

.70 

28 

40* 

.46 

20 

46 

.27 

1     18 

60 

.10 

16 

66 

.96 

14 

60 

.84 

18 

66 

.72. 

12 

70 

2 

.62 

11 

76 

2 

.68 

10 

7        , 

.        80 

2 

.46 

10 

'       86 

J2> 

.88 

9 

90 

2 

.31 

9 

95 

2 

.26 

6 

100 

2 

.19 

8 

In  the  first  column  look  for  the  number  of  feet  the  water  is 
to  be  raised;  then  in  the  second  column,  you  have  the  dia- 
meter of  that  part  of  the  bore  in  which  the  piston  or  bucket 
tworks;  and  in  the  third  column,  the  quantity  of  water  which 
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a  man  of  ordinary  strength  can  raise  in  a  minute  by  the  pomp 
to  the  given  height. 

The  quantity  of  water  contained  in  a  pipe  of  either  of  those 
heights  in  the  table,  supposing  the  diameter  of  the  bore  to  be 
the  same  from  top  to  bottom,  is  4523.2  cubic  inches,  or  19.58 
gallons  in  wine-measure,  as  near  as  the  hundredth  part  of 
an  inch  in  the  diameter  of  the  bore  can  make  it. 

Mr  Ferguson  has  calculated  the  following  table,  by  which 
the  quantity  and  weight  of  water  in  a  cylindrical  bore  of 
any  given  diameter  and  perpendicular  height  may  be  very 
readily  found. 

Diameter  of  the  eyUndneal  bore  1  inch 


FeetUgb. 

• 

Ooantityofwatorin 
cubic  inchei. 

Weight  of  water,  In 
trojr  ounces. 

8 
9 

,9.4247781 
18.8495562 
28.2748848 
87.6991124 
47.1288906 
66.6486686 
66.9734467 
75.8982248 
84.8280029    ' 

4.9712340 
9.9424680 
14.9187020 
19.8849860 
24.8661700 
29.8274040 
84.7986880 
89.7698720 
44.7411060 

64541689 
10.9088078 
16.8624617 
21.8166156 
27.2707695 
827249284 

43.6382812 
49.0878851 

For  tens  of  feet  high,  remove  the  decimal  points  one  place 
towards  the  right  hand;  for  hundreds  of  feet,  two  places;  for 
thousands,  three  places ;  and  so  on.  Then  multiply  each  sum 
by  the  square  of  the  diameter  of  the  given  bore,  and  the  pro- 
ducts will  be  the  answer. 

ExAMPi^ : 
Qti.  What  is  the  quantity  and  weight  of  water  in  an  up- 
right pipe  85  feet  high,  and  10  inches  in  diameter  of  bire? 
The  square  of  10  is  100.  ' 


Feetblgb. 

80 
6 

Cubic  Incbee. 

758.  982248 
.  47.1238905 

Troy  ounces. 

897.  698720 
24.8661700 

486.  882812 
27.2707695 

85 
Multiply 

801.1061885 
^y     ...    100 

422.5548900 
100 

468.6080815 
100 

ADswer  . 

.    80110.6138500 

42255.4890000 

46360.  808150 

Which  number,  (80110.61,)  of  cubic  inches  being  divided  by  2S1,  the 
number  of  cubic  inches  in  a  wine  g^on,  gjivts  342.6  for  the  number  of 

fallons  in  the  pipe;  and  42255.489  troy  ounces  being  divided  by  12,  give* 
521.29  for  the  weight  of  the  water  in  troy  pounds;  and,  lastly,  46360.  n 
avoirdupoise  ounces  being  divided  by  16,  gives  2897.5  for  the  weight  in 
avoirdupoite  pounds. 
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The  power  required  to  work  a  pump,  or  any  other  hydraulic 
engine,  roust  not  only  be  equal  to  the  whole  column  of  water 
in  the  pump-bore,  but  as  much  superior  to  it  as  will  overcome 
all  the  friction  of  the  working  parts  of  the  engine. 

2.  In  Dr  Gregory's  MechanicSy  vol.  ii.  is  the  following  de- 
scription of  a  pump,  with  little  friction,  which  may  be  con- 
structed in  a  variety  of  ways  by  any  common  carpenter,  with- 
out the  assistance  of  the  pump-maker,  or  plumber,  and  which 
will  be  very  effective  for  raising  a  great  quantity  of  water  to 
small  heights,  as  in  draining  marshes,  marie  pits,  quarries,  &c. 
or  even  for  the  service  of  a  house. 

A  B  C  D,  fig.  223, 18  a  sqaare  trunk  of  carpenter's  work  open  at  both 
ends,  and  having  a  little  cistern  and  spout  at  top.  Near  the  bottom  there  is  a 
partition  made  of  board,  perforated  with  a  hole  £,  and  covered  with  a  dock. 
ffff  represent  a  Ion?  cylindrical  bag  made  of  leather  or  of  double  can- 
vass, with  a  fold  of  thin  leather,  such  as  sheep  skin,  between  the  canvass 
bags.  This  b  firmly  nailed  to  the  board  B  with  soft  leather  between.  The 
apper  end  of  this  bag  is  fixed  on  a  round  board  having  a  hole  and  valve  F. 
Ttus  board  may  be  turned  in  the  lathe  with  a  groove  round  its  ed£^,  and 
the  bag  fastened  to  it  by  a  cord  bound  tight  round  it.  The  fork  of  the 
piston-rod  F  G  is  firmly  fixed  into  this  board;  the  bag  is  kept  distended  by 
a  number  of  wooden  hoops  or  ringfs  of  strong  wire,  //,  //,  //,  &c.  put 
into  it  at  a  few  inches  distance  from  each  other.  It  will  be  proper  to  con- 
nect these  hoops,  before  putting  them  in,  bynhree  or  four  cords  fh>m  top 
to  bottom,  which  will  keep  them  at  their  proper  distances.  Thus  will  the 
bag  have  the  form  of  a  barber's  bellows  powder-puiF.  The  distance  be- 
tween the  hoops  should  be  about  twice  the  breadth  of  the  rim  of  the 
wooden  ring  to  which  the  upper  valve  and  piston-rod  are  fixed. 

Now  let  this  trunk  be  immersed  in  the  water.  It  is  evident  that  if  the 
bag  be  stretched  from  the  compressed  form  which  its  own  weight  will  give 
it  by  drawing  up  the  piston-rod,  its  capacity  wiU  be  enlarged,  the  valve  F 
wiU  be  shut  b^  its  own  weight,  the  air  in  the  bag  will  be  rarefied,  and  the 
atmosphere  will  press  the  water  into  the  bag.  When  the  rod  is  thrust 
down  again,  this  water  wiU  come  out  by  the  valve  F,  and  fiU  part  of  the 
trunk.  A  repetition  of  the  operation  wUl  have  a  similar  eiFectf  the  trunk 
wiU  be  filled,  and  the  water  wiU  at  last  bef  discharged  by  the  spout 
\ 

Here  is  a  pump  almost  divested  of  friction,  and  perfectly 
light.  For  the  leather  between  the  folds  of  canvass  renders 
the  bag  Impervious  both  to  air  and  water.  And  the  canvass 
has  very  considerable  strength.  We  know,  from  experience, 
that  a  bag  of  six  inches  diameter,  made  of  sail-cloth  No.  3, 
with  a  sl^ep-skin  between,  will  bear  a  column  of  15  feet  of 
water,  and  six  hours  work  per  day  for  a  month  without  failure, 
and  that  the  pump  is  considerably  superi  3r  in  effect  to  a  com- 
mon pump  of  the  same  dimensions.  We  must  only  observe, 
that  the  length  of  the  bag  must  be  three  times  the  intended 
length  of  the  stroke;  so  that  when  the  piston  rod  is  in  its 
highest  position,  the  angles  or  ridges  of  the  bag  may  be  pretty 
acute.  If  the  bag  be  more  stretched  than  this,  the  force  which 
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roust  be  exerted  by  the  labourer  becomes  much  greater  than 
the  weight  of  the  column  of  water  which  he  is  raising.  If 
the  pump  be  laid  aslope,  which  is  very  usual  in  these  occa- 
sional and  hasty  drawings,  it  is  necessary  to  make  a  guide 
for  the  piston-rod  within  the  trunk,  that  the  bag  may  play  up 
and  down  without  rubbing  on  the  sides,  which  would  quick- 
ly wear  it  out. 

The  experienced  reader  will  see  that  this  pump  is  very  like 
that  of  Cosset  and  De  la  Deuille,  described  by  Belidor,  vol.  ii. 

.  120,  and  most  writers  on  hydraulics.  It  would  be  still  more 
ike  it  if  the  bag  were  on  the  under  side  of  the  partition  E, 
and  a  valve  placed  further  down  the  trunk.  But  we  think 
that  our  form  is  greatly  preferable  in  point  of  strength.  When 
in  the  other  situation,  the  column  of  water  lifted  by  the  piston 
tends  to  burst  the  bag,  and  this  with  a  great  force,  as  the  in- 
telligent reader  well  knows.  But  in  the  form  recommended 
here,  the  bag  is  compressed^  and  the  strain  on  each  part  may 
be  made  much  less  than  that  which  tends  to  burst  a  bag  of  six 
inches  diameter.  The  nearer  the  rings  are  placed  to  each 
other  the  smaller  will  the  strain  be. 

The  same  bag  piston  may  be  employed  for  a  forcing-pump, 
by  placing  it  below  the  partition,  and  inverting  the  valve ; 
^  and  it  will  then  be  equally  strong,  because  the  resistance  in 
this  case  too  Will  ^ct  by  compression. 

3.  An  ingenious  variation  in  the  construction  of  the  sucking- 
pump,  is  that  with  two  piston-rods,  in  the  same  barrel,  in- 
vented by  Mr  Walter  Taylor,  of  Southampton.  A  vertical 
section  of  this  pump  is  given  in  fig.  224. 

The  piston-rods  have  racks  at  their  upper  parts  working  on  the  opposite 
sides  of  a  pinion,  and  kept  to  their  proper  positions  by  friction-roUers.  The 
valves  used  in  this  pump  are  of  .three  kinds,  as  shown  at  a,  b,  and  e.  The 
former  is  a  spheric  segment  which  slides  up  and  down  on  the  piston-rod, 
and  is  brought  down  by  its  own  weight ;  the  second,  b,  is  called  the  pen- 
dulum-valve ;  and  the  third,  ■  c,  is  a  globe  whicli  is  raised  by  the  ri^ng 
water,  and  falls  again  by  its  own  weigfht  Each  of  these  valves  will  disen- 
gage itself  irom  chips,  sand*  gravel,  &c.  brou^t  up  by  the  water.  In  thb 
kind  of  pump  the  pistons  may  either  be  put  m  motion  by  a  handle  in  the 
usual  way,  or  a  rope  may  pass  round  the  wheel  ^  e  in  a  proper  gfroove,  the 
two  ends  of  which,  after  crossing  at  the  lower  part  of  the  wheel,  may  be 
palled  by  one  man  or  more  on  each  side.  A  pump  of  this  kind,  with  seven 
mch  bore,  heaves  a  ton  24  feet  high  in  a  minute,  with  ten  men,  five  only 
working  at  a  time  on  each  side. 

Another  improvement  of  the  common  pump  has  been  made 
by  Mr  Todd,  of  Hull.  This  invention  in  some  particulars 
bears  a  resemblance  to  the  ordinary  one,  but  he  has  contriv- 
ed to  double  its  powers  by  the  following  means  : 
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Having  prepared  the  piston-cylinder,  which  may  be  12  feet 
high,  he  cuts  from  the  bottom  of  it  about  three  feet;  at  the 
end  of  the  great  cylinder  he  placed  an  atmospheric-valve,  and 
to  the  top  of  a  small  cylinder  a  serving-valve.  In  the  bot- 
tom of  the  small  cylinder,  which  contains  the  serving-valve, 
is  inserted  an  oblong  elliptical  curved  tube,  of  equal  caliber 
with  the  principal  cylinder,  and  the  other  end  is  again  inserted 
in  the  top  of  the  great  cylinder.  This  tube  is  divided  in  the 
same  manner  as  the  first  cylinder,  with  atmospheric  and 
serving-valves,  exactly  parallel  with  the  valves  of  the  first 
cylinder.  The  pump,  thus  having  double  valves,  produces 
double  eifeqts,  which  efiects  may  be  still  further  increased  by 
extending  the  dimensions. 

The  cylinder  is  screwed  for  service  on  a  male  tube  screw, 
which  projects  from  the  side  of  a  reservoir  or  water  cistern, 
and  is  worked  by  hand. 

The  piston-plunger  is  worked  by  a  toothed  segment-wheel, 
similar  to  the  principle  of  the  one  used  in  working  the  chain- 
pumps  of  ships  belonging  to  the  royal  navy ;  and  the  wheel 
receives  its  motion  from  a  hand-winch,  which  is  considerably 
accelerated  by  a  fly-wheel  of  variable  dimensions,  at  the 
opposite  end. 

This  pump,  in  addition  to  its  increased  powers,  possesses 
another  very  great  and  prominent  advantage.  By  screwing 
to  it  the  long  leather  tube  and  fire-pipe  of  the  common  engine, 
it  is  in  a  few  minutes  converted  into  an  effective  fire-engine. 
Hence,  whoever  possesses  one  may  be  said  to  have  a  con- 
venient domestic  apparatus  against  fire.  Three  men  can 
work  it,  one  to  turn  the  winch,  another  to  direct  the  fire- 
pipe,  and  a  third  to  supply  the  water. 

4.  The  Farcing-pump  is  represented  in  fig.  225. 

It  raises  water  through  the  box  H,  not  in  the  same  manner  as  the  sucking 
or  lifting'  pump  does,  when  the  plunger  or  piston  g  is  lifted  up  by  the  rod 
D  d\  but  this  plunger  or  forcer  has  no  hole  through  it,  to  let  the  water  in  the 
barrel  B  C  get  above  it,  when  it  is  depressed  to  II;  and  the  valve  6,  (which 
rose  by  the  ascent  of  the  water  through  the  box  H  when  the  plunger  g  was 
drawn  up,)  falls  down  and  stops  the  hole  in  H  the  moment  that  the  plunger 
is  raised  to  its  greatest  height  Therefore  as  the  water  between  the  plunge 
g  and  the  box  H  can  neither  get  through  the  plunger  upon  its  descent, 
nor  back  again  into  the  lower  part  of  the  pump  L  e,  but  has  a  free  passage 
by  the  cavity  around  H  into  the  pipe  M  M,  which  opens  into  the  air-vessel 
R  K  at  P,  the  water  is  forced  through  the  pipe  M  M  by  the  descent  of  the 
plunger,  and  driven  into  the  air-vessol,  and  in  running  up  through  the  pipe 
•t  P,  it  opens  the  valve  a,  which  shuts  at  the  moment  the  plunger  begins  to 
be  rused,  because  the  action  of  the  water  against  the  under  side  of  the  valve 
then  ceases. 

The  water  being  thus  forced  into  the  «r-ve8sel  K  K,  by  repeated  strokes 

2  H 


Digitized  by 


Google 


258  THE  OPERATIVE  MECHANIC 

of  the  planner,  gets  above  the  lower  end  of  the  pipe  6  H  f ,  tnd  dien 
begins  to  condense  the  air  in  the  vessel  K  K.  For  as  the  pipe  G  H  is  fixed 
air-tight  into  the  vessel  below  F ;  and  the  air  has  no  way  to  ge\  out  of  the 
vessel  but  through  the  mouth  of  the  pipe  at  T,  and  cannot  get  out  when  the 
mouth  I  is  covered  with  water,  and  is  more  and  more  condensed  as  the 
water  rises  upon  the  pipe,  the  air  then  begins  to  act  forcibly  by  its  spring 
against  the  surface  of  the  water  at  H;  and  this  action  drives  the  water  up 
through  the  pipe  I  U  G  F,  from  whence  it  spouts  in  a  jet  S  to  a  great  height, 
and  is  supplied  by  alternately  raising  and  depressing  the  plunger  g,  which 
constantly  forces  the  water  that  it  raises  through  the  valve  H,  along  the  pipe 
It  M,  into  the  air-vessel  K  K. 

The  higher  the  surface  of  the  water  H  is  raised  in  the  air-vessel,  the  less 
Space  win  the  air  be  condensed  into,  which  before  filled  that  vessel ;  and 
therefore  the  force  of  its  sprmg  will  be  so  much  the  stronger  upon  the 
water,  and  will  drive  it  with  the  greater  force  through  the  pipe  at  F;  and  as 
the  spring  of  the  air  continues  whilst  the  plunger  g  is  rising,  the  stream  or 
jet  S  will  be  uniform  as  long  as  the  action  of  the  plunger  continues;  and 
when  the  valve  b  opens  to  let  the  water  follow  the  plunger  upward,  the 
valve  a  shuts,  to  hinder  the  water,  which  is  forced  into  the  air-vessel,  froM 
running  back  by  the  pipe  M  M  into  the  barrel  of  the  pump. 

If  there  was  no  air-vessel  to  this  engine,  the  pipe  G  H  I  would  he  joined 
to  the  pipe  M  M  N  at  P:  and  then  the  jet  S  would  stop  every  time  the 
plunger  is  railed,  and  run  only  when- the  plunger  is  depressed. 

Mr  New&ham's  Water-engine,  for  extinguishing  fire,  (see 
Fire-engine,)  consistsof  two  forcing-pumps,  which  alternately 
drive  water  into  a  close  vessel  of  air;  and  by  forcing  the 
water  into  that  vessel,  the  air  in  it  is  thereby  condensed,  and 
compresses  the  water  so  strongly,  that  it  rushes  out  with 
l^reat  impetuosity  and  force  through  a  pipe  that  comes  down 
into  it;  and  makes  a  continued  uniform  stream,  by  the  con- 
densation of  the  air  up6n  its  surface  in  the  vessel. 

By  means  of  forcing-pumps,  water  may  be  raised  to  any 
height  above  the  level  6f  a  river  or  spring;  and  machines  may 
be  contrived  to  work  these  pumps,  either  by  a  running 
stream,  a  fall  of  water,  by  horses,  or  by  steam. 

The  rod  of  the  bucket  in  a  sucking-pump  is  sometimes 
made  to  work  through  a  collar  of  oiled  leathers  and  brass 
plates,  connected  witn  the  barrel  of  the  pump  by  screws,  and 
kept  moist  by  water  contained  in  a  vessel  at  the  top:  it 
prevents  the  water  issuing  from  the  top  of  the  pump,  and 
therefore  by  a  pipe  it  will  raise  to  any  height.  This  is  called 
in  the  North  a  jaekhead. 

5.  The  lAfting'pump  differs  from  the  sucking-pump  only 
in  the  disposition  of  its  valves,  and  the  form  of  its  piston 
frame.    This  pump  is  represented  in  fig.  226. 

A  B  ii  a  barrel  fixed  in  a  frame  I  K  L  M,  which  is  immovable,  with 
its  lowet  parts  communicating  with  the  water.  G  £  Q  H  O  is  a  frame 
with  two  strong  iron  rods,  movable  through  holes  in  the  upper  and 
lower  parti  of  the  pumps  I  K  and  L  M;  m  the  bottom  of  this  frtme 
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O  Q  H,  18  fixed  an  iii?erted  piston  B  D,  with  iti  bucketaad  valve  upon  the 
top  at  D .  Upon  the  top  of  the  barrel  there  g^ea  off  a  part  F  B,  either  fixed 
to  the  barrel,  or  morable  by  a  balland  socket;  but  in  either  case  water  and 
ahr  tight.  In  this  part,  at  C»  is  a  fixed  valve  opening  upwards.  It  b  evident 
that  when  the  piston  frame  is  thrust  down  into  the  water,  the  piston  D  de- 
scends, and  the  water  below  will  rush  up  through  the  valve  D,  and  get  above 
the  piston;  and  that,  when  the  frame  is  lifted  up,  the  piston  will  force  the 
water  through  the  valve  C  up  into  the  cistern  P,  there  to  run  oflT  by  the 
spout.  The  piston  of  this  pump  plays  below  the  surfkce  of  the  water.  Blr 
Martin  has  described  a  mercurial  pump,  which  works  by  quicksilver,  in- 
veoted  by  Mr  Hoskins,  and  perfected  by  Mr  Desaguliers;  and  another  pump 
of  the  Ufting  sort,  invented  by  Messrs  Gossetand  De  la  DeuiUe,  and  set  up 
in  the  kingof  France's  garden  at  Paris,  the  piston  of  which  works  vrithout 
bidiatLr-'-PkiL  Brit,  voL  ii.  p.  57,  fcc.  ed.  3. 

6.  Ctetibtwl^a  pump^  the  first  of  all  the  kinds,  acts  both  by 
suction  and  pulsion. 

Its  structure  and  action  are  as  follows:  A  brass  cylinder  ABC  D,fig.  227> 
fiirmsbed  with,  a  valve  in  L,  is  placed  in  the  water.  In  this  is  fitted  an  em- 
bolus M  K,  made  of  green  wood,  which  wiU  not  swell  in  the  water,  and 
adjusted  to  the  aperture  of  the  cylinder  with  a  covering  of  leather,  but  with- 
•tttany  valve.  In  H  is  fitted  on  another  tube  N  H,  with  a  valve  that  opens 
upwanls  in  I. 

Now  the  embolus  M  K  being  raised,  the  water  opens  the  valve  in  L,  and 
rises  into  the  cavity  of  the  cylinder;  and  when  the  same  embolus  is  again 
depressed,  the  vahre  I  is  opened,  and  the  water  driven  up  through  the  tube 
HN. 

This  is  the  pump  used  among  the  ancients,  and  that  from 
which  both  the  others  are  deduced.  Sir  S.  Moreland  has  en- 
deavoured to  increase  its  force  by  lessening  the  friction,  which 
be  has  done  to  good  effect,  insomuch  as  to  make  it  work 
without  almost  any  friction  at  all. 

7.  In  1813,  the  Society  for  the  Encouragement  of  Arts' 
conferred  a  silver  medal  on  Mr  John  Stevens,  for  an  im- 
provement in  the  construction  of  the  forcing-pump,  by  which 
he  is  enabled,  at  a  comparatively  trifling  expense,  to  raise 
water  from  a  well  66  feet  below  the  surface  of  the  ground. 
The  whole  expense  of  the  pump  and  apparatus  was  251. 

The  lower  part  of  the  pump-tree  is  four  inches  in  the  bore. 
The  lower  part  of  the  rod  which  passes  through  the  stuffing- 
box  is  made  of  brass ;  the  elbow  and  upper  pump-trees  are 
of  a  two-inch  bore,  and  may  be  easily  made  of  any  kind  of 
wood.  It  may  also  be  made  to  act  as  an  ensine  to  extinguish 
fires,  by  the  addition  of  an  air-tight  vessel  and  pipe  to  the 
upper  part. 

In  the  drawing  is  introduced  a  cap  and  screw,  in  preference 
to  screwing  it  to  the  nozle  of  the  pump,  as  it  is  stronger 
and  more  to  be  depended  upon ;  and  when  the  water  is  to  be 
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raised  a  great  heighti  a  screw  is  also  recommended  to  be 
made  to  fit  the  nozle,  that  every  thing  may  be  always  ready 
for  immediate  use.,  The  work  of  this  pump  is  not  liable  to  be 
injured  by  frost ;  and  when  the  well  is  of  considerable  depth 
a  brass  or  metal  barrel  for  the  piston  to  work  in  should  be 
adopted. 

Fig.  228  is  a  seetioa  of  a  well,  in  which  a  pump  of  this  kind  is  fixed;  A  A 
represents  the  surface  of  the  ground,  and  B  B  the  brickwork  of  the  well,  in 
which  the  water  stands  at  the  level  C,  and  b,  by  the  pump,  to  be  raised  to 
the  surface  A  A. 

D  is  the  lever  or  handle  of  the  pump,  which  has  the 'rod  a  jointed  to  it, 
and  descending  to  the  pump;  the  rod  is  made  of  wood,  in  several  leng^ths, 
which  are  united  by  jomts  of  iron,  in  the  manner  shown  at  fig.  229;  the 
wooden  rods,  a  a,  being  capped  with  iron  forks  b,  which  include  the  ends  of 
them  and  are  rivetted  fast;  the  ends  of  the  forks  are  joined  together  to 
connect  the  seven^  lengths. 

E  is  the  working  barrel,  or  chamber,  of  the  pump,  in  which  the  bucket 
works;  this  part  is  formed  of  a  tree,  bored  through  and  having  a  projecting 
branch  e,  which  is  likewise  bored  obliquely  to  the  barrel,  and  forms  the 
forcing  pipe;  in  the  bottom  of  the  barrel  the  suction-valve  is  situated,  being 
at  the  top  of  the  suction  part  of  the  pump,  which  is  bored  with  a  smaller 
auger  than  the  working  chamber,  which  is  also  lined  with  a  brass  tube, 
where  the  bucket  works.  The  top  of  the  barrel  is  covered  by  a  metal  lid, 
gi  (see  figs.  230  and  231,)  which  has  a  stuffing-box  in  the  centre  to  receive 
the  metal  cylindrical  part  of  the  pump-rod  k;  to  the  lower  extremity  of  this 
the  bucket  a  is  fixed.  The  metal  lid  consists  of  a  ring,  which  is  screwed  to 
the  wooden  barrel  by  five  screw-bolts,  passing  through  as  many  ears,  pro- 
jecting from  the  circumference  of  the  ring;  they  have  eyes  below  to  hook 
upon  pins,  which  are  fixed  in  the  wood,  but  project  sufficiently  for  these 
bolts  to  hold,  and  are  formed  into  screws  above,  so  as  to  hold  the  ring  firmly 
down,  by  means  of  nuts  screwed  upon  them.  The  movable  lid  of  the  pump, 
which  has  the  stuffing-box  g  formed  in  the  centre  of  it,  is  screwed  to  the 
ring  by  five  screws,  and  these  can  be  taken  out  to  remove  the  lid,  and  draw 
up  the  bucket,  when  it  requires  to  be  leathered. 

F  b  the  forcing  pipe,  formed  of  as  many  pieces  of  wooden  pipes  as  are 
required  to  make  up  the  leng^;  they  are  united  together  by  making  the 
upper  ends  conical,  to  enter  a  similar  cavity  made  in  the  lower  end  m  the 
next  pipe;  the  lowest  piece  fits  upon  the  extremity  of  the  projecting  branch 
e,  and  a  valve  is  proposed  to  be  put  in  the  pipe  at  this  joint,  to  prevent  the 
return  of  the  water,  and  bear  part  of  the  weight  of  the  column  from  the 
lowest  valve  at/;  the  upper  end  of  the  pipe  has  a  spout  t,  at  which  the 
water  is  delivered. 

M  is  a  second  spout,  fixed  into  tlie  pipe  lower  than  the  former;  it  has  a 
screw  by  which  it  can  be  united  to  a  hole,  or  leather  pipe,  to  convey  the 
water  to  a  distance,  or  by  means  of  a  jet,  or  branch-pipe,  to  throw  it  in  the 
manner  of  a  fire-engine;  in  this  case  the  upper  spout  t  must  be  stopped  up, 
by  a  screw-plufl^  or  cap;  and  there  is  a  copper  air-tight  vessel  H,  situated 
at  the  top  of  the  pipe  F,  to  equalize  the  pulsative  motion  of  the  water  as 
thrown  by  the  pump. 

K  is  a  bracket  fixed  to  the  pipe  F,  and  projecting  over  the  centre  of  the 
pump,  where  it  has  a  hole  to  receive  the  pump-rod  k,  and  g^ide  it  steadily 
in  its  motion  up  and  down,  that  it  may  not  wear  the  stuffing-box  away  on 
one  side.  As  the  wooden  tubes  of  which  the  forcing-pump  F  is  composed 
may  be  made  from  waste  or  crooked  timber,  it  mi^es  a  great  difference 
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between  the  low  price  of  such,  and  that  of  the  straic^ht  trees  necessary  for 
common  pumps.  A  wooden  plug  may  be  chained  to  the  pump,  betwixt 
the  spouts  or  nozels  M  and  t,  so  as  to  be  ready  to  stop  that  which  is  not 
wanted  in  use. 

Mr  Stevens  is  of  opinion,  that  it  is  better  to  place  the 
Talve/ above  the  level  of  the  water  in  the  well. 

8.  Mr  William  Tyror,  of  Liverpool,  took  out  a  patent  in 
March  1819,  for  certain  improvements  in  the  construction 
of  pamps,  and  in  the  machinery  for  working  the  same. 

This  improvement  consists  in  having  four  brass  chambers,  marked  P  P  P, 
fig.  332,  joined  together  by  means  of  breech-pieces  with  screws,  and 
soldered  across  the  joints;  these  breech-pieces,  marked  Q,  Q,  being  cast  of 
brass,  or  any  other  suitable  metal.  When  these  are  complete,  P  P,  fig.  233, 
is  placed  upon  the  breech-piece  Q  g,  fig  234,  and  both  of  them  are  fixed  to 
or  under  a  box  or  frame  suitable  for  the  purpose. 

This  box  or  fi-ame,  fig.  238,  isfiimished  with  eight  brass  grooves,  O  O  O, 
fiutened  to  the  sides  with  screws;  and  a  crank,  or  four  cranks  in  one,  that  is, 
one  crank  out  of  each  side  of  the  same  piece  of  square  iron  or  any  other 
suitable  metal,  one  up,  one  down,  one  in  front,  and  one  in  back.  To  one 
end  of  the  crank,  or  cranks,  is  fixed  two  tooth  and  pinion  wheels,  a  sufficient 
distance  apart  to  allow  two  wheels  of  the  same  diameter  and  thickness  to 
stand  between  them,  so  that  the  cranks  may  go  round  without  moving  the 
other  wheels,  marked  C  and  £.  The  wheels  D  and  F  are  made  fast  on  the 
cranks  A,  A,  by  means  of  a  screw  or  pin,  and  the  wheels  C  and  £,  being 
fixed  close  together,  slide  to  and  fro  upon  the  square  end  of  the  axle  U,  by 
means  of  the  guide  or  sliding  geer  V ,  which  is  fixed  in  a  g^roove  turned  out 
of  the  nave  of  the  wheel  C,  by  means  of  a  clip  and  two  screws  which  fasten 
it  underneath,  and  rests  in  the  notches  fixed  at  the  other  end  of  the  box  or 
fi^une,  for  the  end  of  the  guide  or  geer  to  rest. 

The  notches  are  three  m  number  on  each  side  of  the  box  or  frame  W. 
The  one  fiuthest  from  the  wheel  has  the  guide  V,  drawn  back,  with  the 
wheel  E  upon  the  small  wheel  F.  By  moving  the  gfuide  into  the  middle 
notch,  the  wheels  C  and  £  are  kept  between  the  wheels  D  and  F;  and  the 
notch  nearest  the  wheels  guides  the  wheel  C  on  the  larg^  wheel  D,  so  that 
the  power  is  much  greater  when  forcing  or  drawing  water  fh)m  a  great 
depth. 

When  the  wheels  C  and  £  are  placed  in  the  space  between  the  lower 
wheels,  the  handle  is  moved  firom  the  upper  axle  U,  and  placed  upon  the 
end  of  the  crank  A  A,  and  the  pump  is  worked  without  the  assistance  of 
the  wheels,  as  occasion  may  require.  The  machinery  is  furnished  with  four 
key-bow  rods,  marked  B  B  B,  for  the  purpose  of  fixing  to  them  the  spear 
boxes  or  plunging  rods,  by  means  of  a  joint  and  pin  and  bolt,  the  key-bow 
bein^  filed  square  across  \fy  the  inside,  so  as  to  give  the  roller-9tep  a  fair 
bearing. 

Fig.  235  represents  the  roUin^-step,  which  is  formed  of  two  pieces  of 
brass,  the  one-half  round,  of  a  thickness  according  to  the  strength  or  size  of 
the  machinery;  and  the  other  round,  like  a  wheel  or  sheave  in  form,  and  of 
the  same  thickness  as  the  other  half.  This  round  sheave  or  wheel  is  cut  half 
through  the  middle  edgeways,  and  the  piece  is  then  cut  off,  and  a  dove-tail 
18  cut  down  the  width  in  proportion  to  Uie  crank.  The  other  half  is  then 
fitted  into  the  place  from  whence  the  larger  piece  has  been  cut,  and  both  of 
them  are  held  together  by  means  of  two  screws;  and  the  sheave  or  wheel  is 
then  in  the  form  of  its  appearance  before  it  was  cut.    A  hole  is  now  drilled 
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through  the  centre,  and  it  is  fixed  upon  the  before  mentioned  cvuik  «r 
cranks.  Y,  in  fig.  236»  represents  the  larger  half  of  this  step;  and  X,  %. 
337,  represents  the  smaller  half,  with  the  do^e-tuled  stancfing  upon  it,  whieh 
fills  up  the  vacancy  or  room  that  is  made  in  the  large  half  forfixing  it  open 
the  crank. 

The  ends  of  each  key-bow  is  set  in  the  grooves,  O  O  O,  ^g.  238»  and  the 
key-bow  rods  B  B  B  1),  work  through  holes  in  the  bottom  of  the  box,  for 
which  purpose  an  iron  plate  or  base  is  formed  with  four  holes,  S  S  S,  fig. 
239,  and  is  fixed  at  the  bottom  of  the  box  or  frame  with  screws.  The  rodi, 
by  being  fitted  into  the  holes  in  this  plate,  keep  the  stroke  of  the  pump 
perpendicolar,  while  the  step  rolls  backwaids  and  forwards  in  the  key-bow, 
as  they  are  forced  up  and  down  by  the  cranks  moring  or  turnings  altenate- 
ly  round. 

When  this  machinery  is  applied  over  a  forcing-pump,  or  placed  orer  a 
fire-engine,  it  causes  a  greater  quantity  of  water  to  be  discharged  from  the 
cistern  or  engine,  and  as  it  is  very  powerful,  it  is  hig^y  necessary  that  it 
should  have  a  cock  of  a  superior  size,  to  let  more  water  pass  through  in  the 
same  time  than  ordinary;  for  this  purpose  Mr  Tyror  makes  the  barrel, 
or  that  part  of  the  cock  where  the  key  or  stop  g^s  in  on  one  nde»  so  tiiat 
there  is  but  one  stop  to  the  plug  or  key,  the  stop  resting  in  that  part  that 
overhang^  the  side,  adimts  of  room  for  a  full  sized  water-way  to  be  com- 
pletely through  it,  without  causing  the  water  to  have  any  bubble  or  curias 
it  passes  through  the  phig. 

Reference  to  the  figures: 

Fig.  240  represents  a  side  view  of  the  cock. 

Fig.  241,  a  top  view  of  the  same. 

Fig.  242,  the  plug,  with  the  water-way  cut  out. 

Fig.  243  represents  the  crank,  with  the  tooth  and  pinion  wheela»  and  the 
rolling  steps. 

Fig.  244,  the  upper  axle  with  the  improved  plan  of  the  sliding  geer. 

Fig.  245,  the  spear  box  and  rod  in  the  form  of  the  fiistening  at  the  top  of 
the  key-bow  rod,  when  applied  for  shippinjg;'. 

Fig.  246,  a  front  view  of  the  pump  standmg  upon  a  ship's  deck. 

9.  Mr  Richard  Franklin  baa  been  rewarded  by  tbe  society 
of  Arts  for  effecting  certain  improTements  in  the  lifting  and 
forcing  pump,  by  which  water  can  be  conveyed  into  a  cistern 
at  the  top  of  the  hoosc,  to  supply  all  the  dressing-rooms, 
water-closets,  &c. 

A  section  of  this  pump  is  given  in  fig.  247. 


A  A  are  two  pistons;  on  the  upper  face  of  each  is  a  doable  valve  vvvt; 
tile  upper  piston-rod  passes  through  the  stuffing-box  B,  and  the  lower 
through  the  stuffing-box  C.  S  is  the  suction-pipe,  and  D  the  discharging- 
pipe. 

Fig.  248  is  an  external  view  of  the  pump;  eee  the  lever  or  handle;  F 
the  mlcrum,  on  which  the  handle  moves ;  G  G  is  the  pump-cylinder;  w  w 
the  wheels  which  revolve  between  the  standards  xxzx,  and  which  conduct 
the  piston-rods  parallel  to  tbe  cylinder;  ep  the  conducting  rod,  which  con- 
yeys  the  motion  of  the  handle  to  the  lower  piston;  e  o  the  conductiBg-rod 
which  gives  motion  to  the  upper  piston.  It  is  evident,  when  the  handle  or 
lever  is  lifted,  that  the  upper  piston  is  pressed  down,  and  the  lower  piston  is 
at  the  same  time  elevated,  with  its  valves  shut,  which  forces  the  water 
through  the  upper  piston  and  the  discharging-pipe  at  the  same  opention. 
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And  when  the  handle  is  pressed  down,  the  upper  piston  rises  with  its  valvea 
closed,  and  the  water  in  its  ascension  is  forced  through  the  discharging 
pipe;  at  the  same  time  the  lower  piston  descends,  by  wluch  action  its  vsdves 
are  opened,  and  introduces  a  supply  of  water  equal  to  the  contents  of  the 
cylinder,  minus  the  ca]>adty  of  botii  pistons.  The  peculiar  advantagea  of 
this  pump  with  double -pistons  are,  that  with  a  six-inch  stroke  it  discharges 
a  quantity  of  water  equal  to  twelve  inches  of  the  cylinder:  and  so,  in  tlus 
proportion,  by  always  doubling  the  quantity  of  the  stroke,  whatever  it  may 
be;  and  thus  Aimishing  a  product  just  equal  to  two  common  pumps  of  the 
same  stroke  and  capacity  of  cylinder,  and  certainly  with  less  thaa  a  pro- 
portionable friction  and  expense. 

10.  The  pumps  that  are  usually  employed /or  draining 
mines  have  many  inconveniences,  the  principal  of  which  we 
shall  here  proceed  to  describe. 

1  St.  As  it  is  necessary  for  the  pumps,  while  sinking,  to  keep  the  water 
very  low  in  the  pit,  the  engine  frequently  goes  too  ftist,  in  consequence  of 
the  pump  drawing  up  sat,  and  carries  up  by  the  violence  of  the  current  small 
pieces  of  stone,  coal,  or  other  substances,  and  lodges  them  above  the  bucket 
upon  the  valves,  which  must  considerably  retard  the  working  of  the  pump, 
and  wear  the  leather. 

Sdly.  When  the  engine  m  set  to  work,  (after  having  b^n  st<^ped  whilst 
worl^ig  upon  air,  and  consequently  a  quantity  of  air  remaining  in  the  pump- 
barrel,  witii  the  small  stones,  &c.  deposited  on  the  valves  of  the  bucket,)  it 
often  happens  that  the  compressure  of  the  air  by  the  descent  of  the  bucket 
is  not  gumcient  to  overcome  the  weight  of  the  bucket-valves  so  loaded  with 
mbbish,  and  the  column  of  water  in  the  stand-pipes;  the  pump  if  thereby 
prevented  from  catching  its  water.  The  usual  remedy  for  this  is  to  draw  the 
bucket  out  of  the  working-barrel,  until  a  quantity  of  water  has  escaped  by 
its  »des  to  displace  the  air,  this  evil  often  arises  from  the  unnecessary  mag- 
nitude of  the  space  between  the  bucket  and  the  clack. 

3dly.  The  pumps  being  suspended  in  the  pit  by  capstan  ropes,  for  the 
purpose  of  readily  lowering  as  the  pit  is  sunk,  the  stretching  of  the  ropes, 
(especially  when  sinking  in  soft  strata, )  occasions  much  trouble,  by  suner- 
ing  the  pumps  to  rest  on  the  bottom  and  choke;  but  the  most  serious  evil  is, 
that  the  miners,  in  shifting  the  pump  from  one  place  to  another,  that  they 
may  dig  in  all  parts  of  the  pit,  throw  them  very  far  out  of  the  perpen- 
dicular, thereby  causing  immense  friction  and  wearing  in  all  parts,  besides 
endangering  the  whole  apparatus,  by  breaking  the  bolts  and  stays,  and 
straining  the  joints  of  the  pipes. 

These  inconveniences  have  been  obviated  by  Mr  William 
Brunton,  of  Butterley  Iron-works,  in  Derbyshire,  who,  to 
avoid  the  pump  drawing  air,  has  introduced  aside  pipe,  con- 
necting the  parts  of  the  working-barrel  which  are  above  and 
below  the  bucket,  which  pipe  has  a  stop-valve,  that  the 
miners  can  regulate  with  the  greatest  ease,  so  as  to  keep 
the  engine  to  its  full  stroke  without  drawing  air,  bv  letting 
down  the  water  from  the  upper  part  of  the  barrel  into  the 
lower,  80  that  it  is  working  again  in  its  own  water.  Instead 
of  having  the  whole  weight  of  the  lower  lift  of  pumps  stand- 
ing on  the  bottom,  it  is  fixed  in  the  pit  by  cross  beams,  and 
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t^e  miner  has  only  to  lift  and  move  an  additional  pipe  or 
wind-bore  which  slides  upon  the  lower  end  of  the  pump  like 
a  telescope,  to  lengthen  down,  and  this  additional  wind-bore 
is  besides  crooked,  and  turned  aside  like  a  short  crank,  which, 
by  the  facility  with  which  it  turns  round  in  the  leather  collar 
about  the  nose  of  it,  can  easily  be  removed  into  every  fresh 
hole  which  is  made  in  the  bottom  by  the  miners.  The  pumps 
are  supported  in  the  pit  by  beams  placed  across  at  proper 
distances,  so  as  to  suit  the  lengths  of  the  pipes,  or  lengths  of 
the  pump,  which  are  nine  feet.  Short  pieces  are  laid  across 
these,  with  half  circular  holes  in  ihem,  which  being  put  round 
the  pump,  just  beneath  the  flanches,  firmly  support  its 
weight,  but  may  quickly  be  removed,  when  it  is  required  to 
lower  the  pumps  in  the  pit ;  and  as  they  are  not  fastened  by 
any  bolt,  they  do  not  prevent  the  pumps  being  drawn  up- 
wards, if  it  becomes  necessary  to  take  out  the  pumps  wheo 
the  pit  is  full  of  water. 

The  pumps  by  these  means  remain  stationary,  and  the 
suction-pipe  lengthens  as  the  pit  is  sunk,  until  it  is  drawn  out 
to  its  full  extent ;  the  whole  column  is  then  lowered  to  the 
next  stanches,'  and  another  pipe  is  added  to  the  top.  The 
pumps  being  thus  kept  stationary  till  nine  feet  are  sunk,  the 
pipe  at  the  top  will  of  course  deliver  the  water  at  the  same 
level  at  all  times,  and  instead  of  being  obliged  to  lengthen 
the  column  at  every  yard  sunk,  it  will  only  be  necessary 
every  nine  feet. 

Fig.  249  explains  the  construction  of  Mr  Bnmton's  pump,  being  a  sec- 
tion throuc^h  the  centre  of  the  working-barrel  and  suction  piece.  A  is  the 
door  which  unscrews  to  gfet  at  the  clack  of  the  pump;  B  is  the  workingp- 
barrel  with  the  bucket  D  working  in  it;  E  is  the  clack,  also  shown  in  figs- 
250  and  251;  F  is  the  suction-pipe,  and  G  G  a  movable  lengthening  piece: 
this  sFides  over  and  includes  the  other  when  the  pump  is  first  fixed;  but  as 
the  pit  is  sunk,  it  slides  down  over  the  pipe  F,  to  reach  the  bottom.  The 
outside  of  the  inner  pipe  F  is  turned  truly  cylindrical  and  smooth,  and  the 
inside  of  the  outer  pipe  G,  at  the  upper  end  for  about  six  inches  down,  is 
made  to  fit  it.  The  junction  is  made  perfect  by  leathers  being  placed  in 
the  bottom  of  the  cup  a  a;  which  holds  water  and  wet  clay  over  them,  to 
keep  them  wet  and  pliable,  and  consequently  air-tight  The  lower  ex- 
tremity of  the  suction-pipe  G  terminates  in  a  nose  R,  pierced  with  a  num- 
ber of  small  holes  that  it  may  not  take  up  dirt  This  nose  is  not  placed  in 
a  line  with  the  pipe,  but  curved  to  one  side  of  it  like  a  crank,  so  as  to  de- 
scribe a  circle  when  turned  round. 

By  this  means  the  minem,  by  turning  it  round  upon  the  pipe  F,  can 
always  place  the  nose  R  in  the  deepest  part  of  the  pit;  and  when  they  dig- 
or  blast  a  deeper  part,  they  turn  the  nose  about  into  it,  the  sliding  tube 
lengthening  down  to  reach  the  bottom  of  the  hole,  as  shown  in  the  figiuts. 
By  this  means  there  is  never  a  necessity  to  set  a  shot  for  blasting  so  near 
the^  pump  foot  as  to  put  it  in  any  danger  of  being  injured  by  the  explosion, 
as  is  the  case  of  the  common  pump,  in  which  tliis  danger  can  only  b© 
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aToided  by  moWiig  the  pump  foot  to  one  side  of  the  pit,  which  necettarily 
throws  the  whole  column  of  pumps  out  of  the  perpendicukr. 

The  construction  of  the  clack  is  explained  by  fig^ures  250  and  251,  the 
fbrmer  beings  a  section  and  the  latter  a  plan.  L  L  is  a  cast-iron  ring,  fitting^ 
into  a  conical  seat  in  the  bottom  of  the  chamber  of  the  pump,  as  shown  in 
fig,  249 ;  it  has  two  stems,  /  /,  rising  from  it  to  support  a  second  iron  ring 
M  M ;  just  beneath  this  a  bar  m  extends  across  from  one  stem  to  another, 
mud  has  two  screws  tapped  through  it ;  these  press  down  a  second  cross 
bar  n,  which  holds  the  leather  of  the  valves  down  lipon  the  cross  bar  of  the 
ring  L,  and  this  makes  it  fast,  forming  the  hinge  on  which  the  double  valves 
open,  without  the  necessity  of  making  any  holes  througfh,  as  ii  common :  but 
the  chief  advantage  is,  that  by  this  means  the  clack  can  be  repaired,  and  a 
new  leather  put  in,  with  hr  less  loss  of  time  than  at  present^  an  object  of  the 
l^reatest  importance ;  for  in  many  situations  the  water  fathers  so  fast  in  the 
pit,  that  if  the  clack  fails,  and  cannot  be  quickly  repaired,  the  water  rises 
above  the  clack  door,  so  as  to  prevent  any  access  tb  it,  and  there  is  no 
remedy  in  the  common  pump  but  drawing  up  the  whole  pile  of  pumps, 
which  is  a  most  tedious  and  expensive  operation. 

In  Bfr  Brunton's  pump,  the  clack  can  at  any  time  be  drawn  out  of  it,  by 
first  drawing  out  the  bucket,  and  letting  down  an  iron  prong  Z,  which  has 
hooks  on  the  outside  of  its  two  points  ;  this,  when  dropped  down,  will  Ml 
into  the  ring  M,  and  its  prongs,  springing  out,  will  catch  the  under  side,  and 
hold  it  fast  enough  to  draw  it  up.  Another  part  of  Mr  Brunton's  improve- 
ment consists  in  the  addition  of  a  pipe  H,  (fig.  249,)  which  is  cast  at  the 
same  time  with  the  barrel,  and  communicates  with  it  at  top  and  bottom, 
just  abpve  the  dack  i  at  the  upper  end  the  pipe  is  covered  by  a  flat  sliding 
plate,  which  can  be  moved  by  a  small  rod  b,  passing  through  a  collar  of 
feather ;  the  rod  has  a  communication  by  a  lever,  so  that  the  valve  can  be 
opened  or  shut  by  the  men  in  the  bottom  of  the  pit. 

The  object  of  this  side  pipe  is  to  let  down  such  a  propor- 
tion of  the  water  which  the  pump  draws,  as  will  prevent  it 
drawing  air ;  though,  of  course,  the  motion  of  the  engine  will 
be  so  adapted  as  not  to  require  a  great  proportion  of  the 
water  to  be  thus  returned  through  the  side  pipe;  yet  it  will 
not  be  possible  to  work  the  engine  so  correctly  as  not  to  draw 
some  without  this  contrivance  ;  and  if  it  does,  it  draws  up 
ranch  dirt  and  pieces  of  stone  into  the  pump,  besides  causing 
the  engine  to  work  very  irregularly,  in  consequence  of  par- 
tially losing  its  load  every  time  the  air  enters  the  pump.  An- 
other service  of  the  side  pipe  is,  to  let  water  down  into  the 
chamber  of  the  clack  tb  fill  it,  when  the  engine  is  first  set  to 
work  after  the  pumps  have  been  stahding  i^till,  and  the  lower 
part  of  the  barrel  and  chamber  are  empty. 

1 1 .  Figures  252  and  253  are  a  section  and  elevation  of 
a  three-barrel  force-pump,  of  a  verjr  good  construction,  which 
was  used  by  Mr  Smeaton  in  the  numerous  water-engines 
which  he  erected  at  London-bridge,  Stratford,  and  other 
places,  for  the  supply  of  towns  with  water.  It  has  the  ad- 
vantage of  the  valves  being  very  accessible,  and  the  water-way 
may  t^  kept  to  the  full  size  of  the  barrel  without  contractions, 
2  1 
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which,  as  they  occasion  great  resistance  to  the  motion  of  the 
water,  are  a  waste  of  power.  It  acts  on  the  same  principle 
88  the  ordiaiary  forcing-pump,  only  that  three  barrels  are  cob^ 
nected  together  for  the  advantage  of  raising  a  constant  stream 
of  water. 

A  A  are  the  barrels^  whidi  sre  bored  oat  tnily  cylindrical.  If  the  pomp 
it  smally  the  barrels  are  usually  made  of  brass ;  but  for  larger  work,  cast-iron 
is  used.  From  one  side  near  the  bottom  of  each,  proceeds  a  curved  pipe  B, 
turning  up,  and  ending  with  a  flaunch,  to  screw  lo  the  under  side  of  the 
forcing-chamber  L.  There  is  also,  near  the  bottom  at  the  oppoute  ade  of 
the  barrel,  a  projecting  neck  or  short  pipe  D,  covered  at  the  end  by  a  door 
screwed  on,  that  it  may  be  removed  to  give  access  to  the  valve  m,  in  the  bot- 
tom of  the  barrel.  The  barrels  have  projecting  rings  or  fiaunches,  by  which 
they  are  screwed  down  upon  the  suction  chamber  U,  which  is  common  to  all 
three  barrels ;  it  has  a  pipe  from  each  of  its  rods  terminating  in  a  fiaunchA, 
to  screw  on  the  pipes  which  bring  the  water  to  the  pump.  The  upper 
flaunch,  or  top  of  die  suction-chamber  H,  has  three  holes  in  it,  one  under 
each  barrel,  and  each  is  covered  by  a  valve  shutting  downwards,  as  is  shown 
in  the  section,  fig^  352.  These  valves  are  made  of  iron,  to  shut  down  open 
hing^es  like  a  door,  and  are  covered  with  leather  at  the  lower  side. 

Mr  Smeaton  made  his  valves  with  the  centre-pin  of  the 
hinge  removed  backwards  from  the  hole  which  the  valve 
covers,  and  it  is  also  raised  above  the  surface  of  the  under 
side  of  the  valve,  by  which  means  the  valve  opens  in  some 
degree  on  that  side  where  the  hinge  is,  as  well  as  on  the  other, 
and  any  obstruction  getting  into  the  valve  will  be  less  liable 
to  be  detained,  and  will  not  have  such  a  greaV  leverage  to 
break  the  hinge  of  the  valve  when  the  force  of  the  water  shuts 
it  down,  as  it  would  if  the  hinge  was  on  a  level,  and  efose  to 
the  edge  of  the  hole,  because  the  obstacle  will  not  be  so  near 
the  centre. 

The  hingfe  is  ftstened  to  the  pump  by  the  screw  w,  passing  throurii  tlie 
metal,  and  screwing  into  the  hinge  \  this  being  withcbawn,  and  the  door  1> 
opened,  the  valve  is  quite  loose,  and  may  be  taken  out  to  renew  the  leather. 
To  g^ve  facility  to  this,  the  doors  D  are  made  oval,  as  shown  in  fig.  253. 
Another  similar  valve  n  is  fitted  at  the  top  of  each  of  the  pipes  B,  to  cover 
their  apertures ;  they  are  allcoveredby  a  common  forcing-chamber  L,  which 
is  exactly  similar  to  the  suction-chamber,  except  that  it  has  nozles  R,  in  the 
top  over  each  valve,  and  covered  with  doors  to  give  access  to  them.  The 
conducting-pipes  are  carried  away  from  either  end  of  the  fbrcin|f-ch«rober, 
flaunches  bemg  provided  to  unite  them.  Each  barrel  is  fitted  with  a  piston 
or  forcer  M,  wtuch  consists  of  three  metallic  plates  secured  to  the  rod :  the 
middle  plate  is  turned  true,  and  fitted  as  accurately  as  possible  to  the  barrel  ; 
the  upper  and  lower  plates  are  somewhat  smaller.  Two  round  pieces  of 
leather,  largferthan  the  barrel,  are  placed  above  and  below  the  middle  plate, 
being  held  fast  between  it  and  the  upper  and  lower  plates.  When  forced 
into  the  barrels,  these  leathers  turn  up  and  down  round  the  upper  and  lower 
plates,  forming  two  cups  of  leather,  which  accurately  fit  the  barrel,  and  will 
not  permit  any  fluid  to  pass  by  tliem. 

The  parts  of  the  pump  are  fastened  together  by  screws  and  nuts,  as  will 
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be  understood  by  inspection  of  the  figures.  The  whole  pump  is  supported 
on  two  ground-nils,  and  by  means  of  two  iron  branches  of  the  suction- 
chamber  U,  the  whole  pump  is  bolted  down  upon  the  ground-sills. 

The  action  of  this  pump  is  simply  this :  when  the  piston  or 
forcer  of  one  barrel  is  raised,  it  causes  a  vacuum  in  it,  and 
the  pressure  of  the  atmosphere  forces  the  water  up  the  suction- 
pipe  H,  (if  not  more  than  30  or  33  feet,)  opens  the  valve  m, 
in  the  bottom  of  the  barrel,  and  fills  it  with  water ;  on  the 
descent  of  the  forcer,  the  lower  valve  shuts,  and  the  forcing 
valve  n  opens,  by  the  water  the  barrel  contained  being  driven 
through  it  into  the  forcing-chamber  L,  and  thence  to  any  , 
place  whither  the  forcing-pipe  is  carried.  On  the  reascent 
of  the  forcer,  the  lower  valve  m  opens,  and  the  shutting  of 
the  forcing-valve  n  prevents  the  water  returning  into  the 
barrel.  The  three  forcers  work  up  and  down  alternately,  so 
that  while  one  barrel  is  sending  water  up  the  force-pipe,  the 
others  are  lifting  it  up  the  suction-pipe,  and  the  third  con- 
tinues the  action  in  the  interval,  when  the  change  of  motion 
takes  places  between  the  two.  In  this  manner  the  pump  will 
raise  a  very  constant  stream  of  water,  if  the  forces  are 
worked  in  a  proper  manner ;  which  is  best  done  by  means  of 
cranks,  placed  at  such  an  angle  to  each  other,  upon  the  same 
axis,  that  they  will  act  in  due  succession. 

12.  English  ships  of  war  carry  four  chain  pumps  and  three 
band-pumps,  all  being  fixed  in  the  same  well,  which  also 
includes  the  mainmast. 

The  chain-pump,  (fig.  254, )  is  no  other  than  a  long  chain  A,  with  a  suffi- 
cient number  of  pistons,  a,  called  buckets  or  saucers,  fixed  upon  it  at  proper 
distances;  it  passes  downwards  through  a  wooden  tube  B,  and  returns 
upwards  in  the  same  manner,  on  the  other  side  D,  the  ends  being  united 
together.  The  chain  is  extended  over  two  wheels,  E  and  F ,  called  sprocket- 
wheels  ;  one  is  placed  over  the  tubes  B  and  D  of  the  pump,  and  the  other 
at  the  bottom  in  the  space  between  the  two  tubes  through  which  the  chain 
ascends  anddescends.  By  turning  the  upper  wheel  E,  the  chain  of  buckets 
is  put  in  motion,  and  the  lower  part  of  the  wooden  tube,  in  which  the  chain 
Mcends,  is  lined  with  a  brass  barrel,  in  which  the  saucers  are  fitted.  As 
thejr  are  continuaUy  ascending  in  this  tube,  they  raise  a  constant  stream  of 
water,  which  runs  oflffirom  the  top  of  the  ascenaing  trunk,  and  is  carried  by 
a  trunk  through  the  ship's  side  into  tiie  sea.  The  pump  is  worked  by  a 
crank  or  winch  G,  fixed  on  the  axis  of  the  upper  wheel,  whereon  several 
men  may  be  employed  at  once;  and  thus  it  discharge  in  a  limited  time  a 
much  greater  quantity  of  water  than  the  common  pump,  and  that  with  less 
inconrenience  to  the  labourers. 

13.  The  chain-pump  now  in  use  in  the  navy  is  of  a  very 
improved  construction,  compared  with  original  chain-pumps. 
It  was  introduced  by  Mr  Cole,  under  the  direction  of  Capt. 
Beotinck.  The  chain  of  this  machine  is  simple,  and  not 
much  expoaed  to  damage.    It  is  exactly  similar  to  that  of  the 
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fire-engine,  and  appears  to  have  been  first  applied  to  the 
pump  by  Mr  Mylne,  to  exhaust  the  water  from  the  caissons 
at  Blackfriars-bridge.  It  has  thence  been  transferred  to  the 
marine  by  Capt.  Bentinck,  after  having  received  some  mate- 
rial additions  to  answer  that  service. 

The  Unks  of  the  chaii^  (fig.  255,)  are  each  formed  of  two  long  plates  of 
iron,  e  e,  with  a  hole  at  each  ei^d,  and  fixed  together  by  two  bolts,  serving 
as  pins  for  the  joints.  The  buckets  or  saucers  fixed  upon  it  are  two  circular 
plates  of  brass,  e,  with  a  piece  of  leather  between  them.  The  sprocket- 
wheeb  for  the  chain  are  formed  in  the  same  manner  as  the  trundles  used  in 
inills,  by  two  iron  wheels  fixed  at  eight  inches  distance  upon  the  axles,  and 
united  by  several  round  iron  bolts,  forming  a  re^t  fpr  th^  chain;  and  its 
links  have  hooks,  b,  which  are  taken  by  these  bolts,  and  thus  the  chain  is 
secured  upon  the  wheel,  to  prevent  it  fVom  Jerking  back  when  charged  with 
a  column  of  water. 

This  pump  was  a  great  iniprovement  upon  the  old  chain- 
pumps  used  in  ships  before,  in  which  the  chain  was  of  too 
complicated  a  fabric,  and  the  sprocket-wheels  used  to  work 
it  were  deficient,  in  wanting  some  contrivance  to  prevent  the 
phain  from  sliding  or  jerking  back  upon  the  surface  of  the 
wheel,  which  frequently  happened  when  the  buckets  were 
charged  with  a  considerable  weight  of  water,  or  when  the 
pnmps  were  violently  worked.  Thejinks  were  too  short,  and 
the  awkward  manner  in  which  they  were  (connected,  exposed 
them  to  a  great  friction  in  passing  round  the  wheels :  hence 
they  were  sometimes  apt  to  break  or  burst  asunder  in  very 
dangerous  situations,  when  it  was  extremely  difficult  or  im- 
practicable to  repair  the  chain. 

Mr  Cole^s  pump  is  so  constructed,  that  the  chain  may 
be  easily  taken  up  and  repaired,  when  broken  or  choaked 
with  ballast ;  and  it  discharges  a  much  greater  quantity  of 
water  with  an  inferior  number  of  men,  as  appears  from  atrial 
of  this  machine  with  the  old  chain-pump,  aboard  the  Seaford 
frigate,  where  it  was  found  that  its  efiects,  when  compared 
with  the  latter,  were  as  follows: — The  new  pump  with  four 
men  raised  one  ton  of  water  in  43^  seconds,  white  the  old 
pump  required  seven  men  to  raise  the  same  quantity  of  water 
in  76  seconds. 

In  this  experiment  the  chain  of  the  new  pump  was  pur- 
posely broken,  and  dropped  into  the  well,  and  afterwards 
taken  up  and  repaired,  and  set  to  work  again  in  two  minutes 
and  a  half;  then  the  lower  wheel  of  the  pump  was  taken  out, 
to  show  how  readily  it  might  be  cleared  and  refitted  for 
action,  after  being  choaked  with  sand  or  gravel,  which  could 
be  performed  in  four  or  five  minutes.  These  are  advantages 
which,  with  a  ^eamap,  have  a  superior  consideration  to  l^at 
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of  increasing  the  quantity  of  water  which  the  machine  will 
raise,  unless  it  was  in  a  considerable  degree ;  and  indeed  the 
Tcry  best  punnps  will  not  raise  a  much  greater  proportion  witb 
the  same  power. 

The  only  alteration  which  has  been  made  on  Mr  Cole's 
pamp,  since  its  first  introduction,  near  thirty  years  ago,  is, 
that  they  now  omit  the  lower  sprocket-wheel  altogether,  the 
ascending  and  descending  pipes  being  so  united  by  a  curved 
metal  tube,  that  the  chain  passes  better  than  if  a  wheel  was 
used.  The  cranks  are  made  to  take  off,  and  apply,  when 
wanted,  that  they  may  not  be  in  the  way ;  they  are  long 
enough  for  thirty  men  to  work  at  once ;  of  late  it  has  been 
proposed  to  add  fly-wheels  to  them.  This  would  be  attended 
with  but  slight  advantage,  and  several  inconveniences  from 
occupying  that  room  where  the  men  should  stand  to  work, 
it  being  an  object  to  employ  as  many  as.  possible ;  but  if 
they  are  crowded,  they  only  incommode  each  other  instead 
of  assisting. 

14.  The  following  simple  and  ingenious  method  of  working 
a  ship's  pump,  when  the  crew  are  either  too  few  in  number, 
or  too  much  exhausted  to  attend  to  that  duty  when  the  per- 
formance is  most  necessary,  namely,  in  a  heavy  gale,  was 
put  in  practice  with  great  success  by  Capt.  Leslie,  of  the 
ship  George  and  Susan,  on  a  late  voyage  fronx  Stockholm  to 
North  America.  He  fixed  a  spar  aloft,  one  end  of  which 
was  ten  or  twelve  feet  above  the  top  of  his  pumps,  and  the 
other  pro|Bcted  over  the  stern;  to  each  end  he  affixed  a  block 
or  pulley.  He  then  fastened  a  rope  to  the  spears  of  the 
pomp,  and  after  passing  it  through  both  pullies  along  the 
spar,  dropped  it  into  the  sea  astern.  To  the  rope  he  fastened 
a  cask  of  1 10  gallons  measurement,  and  containing  60  or  70 
gallons  of  water.  This  cask  answered  as  a  balance-weight, 
and  every  motion  of  the  ship  from  the  roll  of  the  sea  made' 
the  machinery  work.  When  the  stern  descended,  or  when 
a  sea  or  any  agitation  of  water  raised  the  cask,  the  pump' 
spears  descended  ;  and  the  contrary  motion  of  the  ship  raised 
the  spears,  when  the  water  flowed  out.  The  ship  was  cleared'oiir 
in  four  hours,  and  the  crew  were  of  course  greatly  relieved. 

15.  Hand-pumps  have  been  constructed  in  great  variety 
for  the  use  of  ships;  and  as  they  are  of  great  utility,  we  shall 
describe  two  or  three  of  the  best. 

The  ingenious  Benjc^min  Martin  invented  a  ship's  pump 
with  two  barrels  drawing  f^om  one  suction-puoip,  so  as  to 
raise  a  contaqt  st^ean^. 
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This  pump  has  so  much  merit,  that  we  have  given  a  section  of  it,  fis^.  356. 
Here  A  is  the  suction-pipe,  conducting  the  water  from  the  ship's  hold  up  to 
the  pump,  where  it  is  enlarged  to  communicate  with  both  barrels  D  D» 
through  the  valves  C  C,  in  the  bottom;  E  E  are  the  pistons  of  the  barrels, 
with  double  valves  in  them;  they  are  not,  like  other  pistons,  fitted  to  slide  in 
the  barrels,  but  are  simply  brass  rings,  in  which  the  valves  are  fitted,  and 
being  smaller  than  the  barrels,  have  large  circular  pieces  of  leather  fixed  on 
them,  the  outside  edges  of  which  are  attached  to  the  inndes  of  the  pump- 
barrels  ;  hence,  when  the  pistons  are  moved  up  and  down,  the  leather  folds 
sufficiently  to  admit  the  motion,  as  is  shown  in  the  figure;  but  being  close 
all  round,  these  pistons  can  have  no  leakage  or  friction,  and  only  a  small 
resistance  from  the  stiffness  of  the  leather. 

To  fasten  the  edges  of  the  leather  piston  to  the  barrels,  they  are  made  in 
two  lengths,  an  upper  and  a  lower,  and  the  leather  is  introduced  in  the  joint 
between  them,  being  half  fiist,  and  the  pump  kept  together  by  bars  1 1, 
fixed  over  the  barrels,  and  bolts  to  press  the  upper  length  of  the  barrels 
down  upon  the  lower.  Both  the  barrels  are  included  within  a  box  or  cis- 
tern B  B,  fixed  upon  the  ship's  deck,  with  trunks  L  L,  which  carry  off  the 
water  as  it  runs  over  the  tops  of  the  barrels  into  tiie  dstem.  The  pump 
is  worked  by  piston-rods  H  H,  being  united  by  chains  to  a  wheel  K,  the 
axle  of  which  is  supported  by  standards  fix)m  the  sides  of  the  cistern  B  B, 
and  is  put  in  motion  by  the  double  lever  M,  at  the  end  of  which  cross 
handles  are  fixed  for  several  men  to  work  at  once,  llr  Martin's  pump  acta 
extremely  well;  the  constant  stream  raised  by  the  alternate  action  of  two 
barrels  upon  one  pipe,  produces  an  advantage  that  was  shown  by  experi- 
ment, for  the  water  not  only  rises  while  the  piston  rises,  but  continues  to 
do- so  even  after  the  piston  begins  to  descend;  and  therefore  the  pump  was 
found  to  deliver  more  water  than  was  expected  from  the  calculation  of  the 
contents  of  the  barrel,  and  the  number  of  strokes  made. 

To  account  for  this,  it  must  be  considered,  that  as  this 
pump  has  both  its  large  pistons  working,  (alternately  ascend- 
ing and  descending,^  at  the  same  time,  there  must  be  pro- 
duced a  constant  rismg  column  of  water  in  the  pqie,  whose 
velocity  through  a  bore  of  five  inches,  to  supply  the  barrels 
of  twelve  inches  diameter  each,  must  be  so  great,  that  it  can- 
not be  checked  or  stopped  at  once,  or  upon  the  first  descent 
of  the  piston  ;  and  therefore  a  surplus  of  water  is  produced. 
Notwithstanding  these  advantages  of  Mr  Martin's  piimp,  it 
has  objections,  which  are  serious  obstacles  to  its  use  on  board 
ships,  though  in  other  situations  it  is  a  good  machine  :  these 
are,  the  shortness'of  its  stroke,  which  renders  it  very  fatiguing 
for  men  to  work  for  a  long  time ;  but  another  more  serious 
objection  is,  that  the  leather  would,  in  general,  remain  dry, 
and  thus  become  liable  to  harden  and  grow  stiff,  so  as  to 
break  into  holes  when  used  at  first,  before  they  become  soak- 
ed, and  to  fill  the  cistern  first  with  water  would  be  very  trou- 
blesome. 

16.  The  latest  improvements  in  hand-pumps  are  by  Capt. 
Jekyl,  R.  N.  This  gentleman  has  invented  an  addition  to  the 
pump  of  an  air-vessel,  and  stuffing-box  for  the  rod  to  pass 
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through,  by  which  it  will  raise  the  water  to  a  greater  height 
than  the  head  of  the  pump;  aud  a  hose  being  attached  to  the 
putnp-spout,  by  very  simple  means,  the  water  is  conveyed  to 
any  part  of  the  ship,  and  thrown  in  a  jet  through  a  hose-pipe 
with  great  force,  to  extinguish  fire,  if  such  a  calamity  should 
befall  a  ship;  and  thus  the  pump  is  rendered  of  twofold  se; 
vice.  The  idea  of  converting  the  pump  to  a  fire-engine  is  not 
new,  having  been  attempted  in  many  difierent  ways  by  forcing 
pumps ;  but  these  having  pipes  proceeding  fi'om  the  lower 
parts  of  the  barrels  and  valves,  which  are  not  very  accessible, 
are  always  liable  to  choke  up  by  obstructions,  and  have  not 
succeeded  in  general  use.  The  air  vessel  has  always  been  in 
the  way,  if  made  of  a  sufficent  size  to  answer  the  purpose  of 
equalizing  the  stream.  Capt.  Jekyl  has  obviated  these  objec- 
tions, and  without  altering  the  material  parts  of  the  hand- 
pump,  has  rendered  it  as  complete  a  fire-engine  as  can  be 
wished. 

This  is  explained  by  figure  257  which  is  a  section  of  the  pump  through 
its  whole  length.  A  B  C  is  the  iron  brake  or  lever  to  work  it ;  it  is  branched 
to  the  extreme  end,  and  has  a  wooden  pole  C»  fixed  in  it,  fbr  several  men 
to  hold  at  once;  D  b  the  iron  stanchion  or  fulcrum  of  the  brake ;  it  is  fixed 
to  the  pump-head  by  means  of  strong  iron  hoops  at  £  E  and  F  F,  which  at 
the  same  time  strengthen  the  work  of  the  pump.  The  centre-pin  is  to  be 
at  the  height  of  two  feet  six  inches  above  the  ship's  deck.  H  are  tiie  shngB 
of  the  pump,  united  by  a  forelock  or  pin  to  the  end  of  the  brake,  and  sus- 
pending the  pump-spear  I,  by  means  of  the  joint-piece  g.  I  K  is  the  pump- 
K>ear,  made  of  copper  in  the  upper  part  I,  and  the  lower  length  K  of  iron ; 
the  butter  has  the  bucket  M  attached  to  it.  The  valve  of  the  bucket  is  made 
in  >  very  simple  and  effective  manner,  the  valve  being  merely  a  round  plate 
of  bras%  with  a  hole  through  the  centre,  to  receive  Uie  rod  upon  which  it 
rises  and  fiJls,  and  covers  the  aperture  in  the  bucket.  The  bucket  is  a  ring 
of  brass,  with  a  cross  bar  to  fix  the  rod  in ;  it  is  made  in  two  thicknesses^ 
one  above  the  other,  andacup  of  leather  is  held  in  between  them,  projecting 
all  round  the  upper  part  of  the  bucket,  and  turning  \ip,  to  make  a  tight 
fitting  in  the  barrel.  The  two  rings  of  the  bucket  are  held  together  by  the 
piston-rod  passing  though  both,  and  a  cross  wedge  beneath.  L  is  the  brass 
chamber  in  which  the  bucket  works  ;  it  is  well  fitted  into  the  wood  of  the 
pump-tree ;  so  that  the  water  cannot  leak  by  it,  and  is  bored  smooth  within- 
side. 

N  is  the  lower  box,  fitted  into  the  lower  part  of  the  pump-tree,  beneath 
the  chamber ;  it  has  a  groove  round  it,  into  which  oakum  is  placed,  and 
when  it  is  put  down,  makes  a  tight  joint ;  its  valve  is  of  the  same  construc- 
tion as  that  of  the  bucket,  with  the  addition  of  a  rin^  or  eye  on  the  top  of 
the  pin,  on  which  the  valve  rises  and  falls.  By  this  eye  the  box  can  be 
drawn  up  when  it  needs  repair,  by  first  drawing  up  the  bucket  of  the  pump, 
and  putting  an  iron  down  into  this  eye.  O  O  P  is  the  air-vessel  j  this  is  a 
cylinder  of  sheet-copper,  soldered  to  a  cover  of  brass ;  within  the  centre  of 
it  is  a  tube  likewise  soldered  to  the  cover,  through  which  the  copper  pump- 
spear  passes,  and  is  fitted  round  at  top  with  a  collar  of  leather  and  stuffing. 
To  prevent  the  escape  of  the  water  it  is  packed  with  hemp,  and  two  rings 
of  leather.    U  shows  the  place  of  two  iron  bars,  fitted  through  the  head  of 
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the  pump,  and  confining^  the  oorel*  O  O,  of  the  idr-yessel;  they  are  fiistened 
by  the  wedges  d/  it  is  by  these  only  that  the  air-vessel  is  held  downi  a  circle 
of  leather  is  first  put  round  the  aif-vessel,  just  beneath  its  lid,  and  this  being 
pressed  upon  thb  recess  in  th6  wood,  maJces  the  joint  tight  T  is  the  pnn^ 
nozle,  wmch  delivers  the  water.  When  it  is  used  as  a  fire-engine,  &  hose 
is  fixed  on  by  its  link-joints,  and  keys  or  wedgest  the  nozle  is  fixed  to  the 
pump  by  four  screw-oolts  going  through  the  Uiickness  of  the  pump,  and  it 
IS  fixed  m  such  a  direction  as  will  most  conveniently  lead  to  a  receiver, 
fig.  358,  which  unites  the  hose  fix>m  all  three  of  the  ship's  pumps. 

Fig.  259  is  the  link-joint  of  the  hose,  T  representing  the  pump-spout, 
made  of  cast-iron,  and  screwed  to  the  pump-treet  eeis  the  collar  or  socket, 
made  of  brass,  with  the  hose  X  bound  upon  it;  this  has  two  tninniona,  on 
which  a  link /b  fitted,  one  on  each  side;  these  links  pass  through  grooves 
in  the  cast-iron  piece  T,  and  a  key  g,  put  down  through  the  link  behind  it, 
draws  the  joint  tight,  without  any  screwing  or  further  trouble.  The  socket 
ee  is  fitted  into  the  nozle,  and  has  a  leather  ring  to  make  it  tight.  The 
outside  of  the  pump  is  to  be  hooped  at  every  three  feet,  to  prevent  itfitMn.^ 
bursting  by  the  pressure  of  the  water.  The  disposition  of  the  three  hand- 
pumps  in  a  ship's  w6ll,  renders  their  connection  with  a  common  receiver 
very  convenient  to  bring  all  the  water  into  one  stream,  which  will  then  be 
very  powerful,  and  more  capable  of  extinguishing  a  fife  than  any  movable 
engine. 

Two  hand-pumps  are  always  placed  on  the  starboard  side  of  the  main- 
mast, in  the  well;  and  one  of  them  being  the  cistern-pump  used  for  washing 
decks,  its  foot  stands  in  a  small  cistern  fixed  upon  the  step  of  the  mainmast, 
and  supplied  with  water  by  a  pipe  through  the  ship's  side,  with  a  cock  to 
^lomit  it  at  pleasure;  there  is  one  pump  on  the  lartioard  nde  of  the  mast. 
Three  separate  hoses  being  united  with  each  of  the  pumps  by  a  link-joint, 
like  fi^.  259,  at  one  end,  and  with  three  necks  A  A  A:,  of  a  receiver,  fig.  256^ 
by  similar  joints  at  the  other,  brings  all  the  water  into  one,  and  a  hose  being 
joined  by  a  link-joint,  i,  to  the  opposite  end  of  the  receiver,  conveys  the  whcde 
water  to  an^  part  of  the  ship.  The  receiver  has  three  nozles,  k  k  k^Kt  one 
end,  made  m  a  diveigent  direction,  agreeable  to  the  direction  in  which  the 
hoses  come  from  the  three  different  pumps,  and  a  valve  b  placed  inside, 
before  each  hose,  to  open  inwards,  in  order  that  the  receiver  may  be  used  for 
one  or  two  pumps,  wnilstthe  others  are  repairing  or  getting  ready,  or  that 
if  any  of  the  hoses  burst,  the  water  may  not  escape  from  the  receiver  at  the 
nozle.  There  are  two  handles  fixed  to  the  receiver,  to  lift  and  carry  it,  as  it 
b  to  be  movable:  and  when  in  use,  is  proposed  to  be  laid  upon  the  gratii^ 
of  the  main  hatchway,  as  the  most  central  situation,  fitmi  whence  the  hose 
may  be  carried  in  any  direction.  Z  b  a  branch-pipe  or  jet,  screwed  at  the 
end  of  the  great  hose  X,  and  it  abo  unscrews  at  the  extreme  end,  to  fit  on 
jets  of  difi*erent  bores,  in  the  same  manner  as  all  other  fire-engines.  In 
working,  the  pressure  of  the  water  condenses  the  air  contained  within  the 
receiver,  OOP,  iiitb  a  small  space,  and  its  reaction  to  resume  its  former 
bulk  equalises  tiie  efilux  of  the  water  fW>m  the  nozle  of  the  pump. 

In  some  experiments  which  we  have  witnessed  iipon  this 
pump,  it  performed  as  well  as  could  be  desired,  a  single  pump 
forming  a  very  effective  engine ;  but  when  the  three  were 
combined,  it  was  superior  in  force  to  any  we  have  ev^r  seen, 
and  would  throw  a  stream  of  an  inch  in  diameter  over  the 
maintopmast-head  of  a  74-gun  ship. 

Besides  the  leng^  of  the  handle  C  admitting  several  men  to  work  at 
once,  an  accession  of  force  b  gained  by  a  rope  n,  made  fast  to  the  brake  A 1) , 
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and  condacted  throagh  a  single  block  hooked  to  the  deck  at  m,  and  thence 
along  the  ship's  deck ;  at  this  any  number  of  men  may  be  employed 
Tcry  advantageously  to  produce  t&e  stroke,  leaving  those  at  the  handle  only 
to  return  it  by  lilting  the  handle.  If  the  ship  proves  leaky,  and  the  stuffing- 
box  is  thought  to  be  an  obstruction  to  the  working  of  the  pump,  the  ur 
Tessel  may  be  taken  out  by  drawing  the  wedge  d^  and  taking  out  the  bars  R, 
which  confine  it  j  then  after  Uking  out  the  key  which  connects  the  joint- 
piece  g  with  the  copper  rod,  also  removing  the  brake,  lift  out  the  air-vessel 
by  the  two  screws  of  the  stuffing-box,  and  fix  on  the  joint-piece  again,  but 
fix  the  guide-eye  H  in  the  lowest  pair  of  holes,  so  that  it  will  receive  the  top 
of  the  copper  rod^  and  prevent  the  pump-spear  ftom  having  any  play  in  the 
slings. 

In  this  state  it  acts  as  a  common  hand-pump ;  but  the  air^ 
vessel  can  be  restored  to  its  place,  and  be  ready  for  work,  in 
two  minutes. 

To  prevent  any  of  the  work  from  being  neglected  from 
carelessness,  the  inventor  proposes  that  one  of  the  pumps 
shall  be  always  used  to  wash  the  ship  by  the  hose  and  jet 
every  morning,  which  it  would  do  much  more  effectual  ly  than 
by  the  present  mode  of  raising  the  water  into  buckets;  and 
the  force  with  which  the  jet  of  water  is  thrown  would  very 
completely  wash  into  every  recess  of  the  gun-carriases,  and 
other  places  where  a  brush  cannot  reach ;  while  by  this  con- 
stant exercise  the  pumps  would  be  always  ready,  at  a  me- 
mentos notice,  upon  an  alarm  of  fire. 

1 7.  Mr  Robert  Clarke,  of  Sunderland,  has  proposed  a  great 
improvement  in  the  mode  of  applying  men's  force  to  pump- 
ing, which  is  worthy  the  consideration  of  seamen.  It  is  to 
change  the  posture  of  standing  to  sitting,  and  making  the 
action  the  same  as  that  of  rowmg,  which,  besides  that  it  is 
by  philosophers  considered  as  the  most  efficacious  application 
of  a  man's  force,  it  is  to  seamen  most  particularly  so  from 
their  habitual  practice  of  it.  He  objects  to  the  ordinary 
action  of  pumping  with  a  brake,  as  the  posture  is  weak,  and 
requires  much  force  to  preserve  it.  It  oppresses  the  man  by 
overstretching  his  loins  on  one  side,  and  incommodes  respira- 
tion by  the  flexture  of  the  body  on  the  other  side.  Too  much 
motion  of  the  shoulder-joint  is  required,  as  the  muscles  which 
act  on  the  arm-bone  at  this  joint  are  disproportionate  to  the 
effort  they  must  make  when  the  arm  vibrates  on  the  shoulder- 

{'oint  as  a  centre,  for  the  force  to  be  communicated  by  the 
land.  Besides  this,  the  arms  themselves  are  at  one  instant 
enfeebled,  by  being  thrown  over  the  head,  and  requiring  a 
poll,  and  the  next  instant  require  a  pushing  effort,  which 
changes  of  direction  in  the  exertion  and  restraining  force  are 
too  continual  and  rapid  for  long  continuance ;  in  standing 
the  body  is  a  continued  dead  weight  upon  the  legs. 
2  K 
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The  action  of  rowing  is  powerfiil  to  a  sorpriiing  dagree, 
•and  so  well  adapted  to  a  man's  ease,  that  he  can  continue  it 
a  greater  lensth  of  time  without  fatigue  than  any  other  mode 
of  exertidb ;  K>r  though  the  motion  is  large,  it  is  made  up  of 
easy  motions  in  several  joints,  the  velocity  and  resistance 
of  which  suit  the  muscles  employed.  Very  little  sustaining 
force  is  required,  for  the  body  is  supported,  and  returns 
unloaded  to  its  charge :  the  breathing  is  free.  The  manner 
of  carrying  this  into  effect  is  very  simple,  the  lever  or  brake 
being  bent  at  right  angles  at  a  certain  pin,  so  that  it  bann 
straight  down  when  it  is  at  rest,  instead  of  bein^  horizontal; 
then  to  the  lower  extremity  a  rod  is  jointed,  which  is  carried 
rather  in  an  inclined  direction  upwards  to  the  seaman,  who  is 
seated  before  the  pump  with  a  rest  for  his  feet.  The  rod  has 
a  cross  handle,  to  hold  by  both  hands,  and  in  some  cases  it 
may  be  made  long  enough  for  two  men  to  sit  side  by  side  on 
the  same  seat;  and  by  drawing  and  pushing  it  in  the  same 
manner  as  rowing,  the  perpendicular  lever  is  caused  to  vibrate, 
and  the  horizontal  arm  or  bended  part,  which  suspends  the 
pump-spear,  partakes  of  the  motion  sufficiently  for  pumping* 

18.  M.  de  Bernard,  speaking  of  the  pistons  ofptamfSj  ia 
the  Journal  des  Mines,  states  than  the  leather  with  which  the 
external  circumference  of  the  pistons  of  pumps  are  covered,, 
are  quickly  worn  out  by  the  continual  friction  which  they 
undergo,  and  the  renewing  of  them  is  an  object  of  consider-- 
able  expense  in  larse  mining  undertakings. 

They  have  therefore  used  in  Saxony,  for  some  years  past,, 
pistons  without  these  external  leathers  in  sucking-pumps, 
and  to  render  the  upper  part  of  the  pistoil  elastic,  by  com- 
posing it  of  pieces  of  wood,  which  expand  or  o^n  when  the 
piston  rises,  and  close  when  it  descends. 

To  obtain  this  effect,  the  put  of  the  pistoir  which  forms  s  backet^  w 
composed  of  s  intern  of  smsU  movable  pieces  of  wood  a  a  a,  figaren  200 
and  261,  cut  obhquely,  and  disposed,  so  as  to  coyer  each  other  neariy  half 
their  breadth  ;  a  leather  which  covers  the  upper  snfiice  of  each  of  these 
pieces,  serves  to  sustain  them,  and  yet  allow  tnem  sufficient  play.  To  the 
under  part  of  the  same,  pieces  of  leather  are  attached,  which  afioid  them  aft 
the  elasticity  that  is  necessaiy.  These  leathers  are  leoeivcd  into  Ats  that 
are  cut  round  the  piston,  and  directed  obliquely  to  its  edges  i  they  are  fixed 
to  the  pieces  of  wood  by  nails,  the  extremities  of  which  correspond  with  the 
notches  cee,  and  to  the  edges  of  the  solid  part  of  the  piston  by  the  screws 
ddd.  By  this  disposition  each  piece  6f  wood  is  movable  upon  a  sort  of 
H^*i?^^  ^»n««»  and  when  the  piston  is  raised,  the  weight  of  the  water  with 
which  It  18  charged,  by  opening  all  these  pieces,  causes  them  to  press  one 
against  the  other,  and  aguinst  the  sides  r  r  of  the  barrel  of  the  pump,  so  as 
not  to  let  any  of  the  water  escape,  and  to  produce  completely  the  effea  rf 
a  piston-fiimished  with  leather.    The  interior  edges  of  each  of  the  joinu  of 
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tlienonble  pieces  are  corered  two  by  two  with  leafier  as  at  e  e  f,  fig.  261, 
upon  wfaich  the  weight  of  the  water  acts  as  upon  the  pieces  Hiemselves. 

All  these  leathers  last  a  very  long  time,  as  well  a»  those  of 
thesuckers,  because  they  are  notexposed  to  any  friction,  which 
only  acts  apon  the  inovable  pieces  of  wood.  When  the  pis- 
ton descends,  the  water  that  raises  the  suckers  finds  an  easy 
passage,  without  filtering  between  the  piston  and  the  interior 
of  the  barrel  of  the  pump ;  an  effect  which  has  this  additional 
conrenience,  that  no  dirt  can  be  introduced  into  the  joints, 
which  might  afterwards  prevent  the  perfect  contact  of  the 
different  pieces. 

In  1808,  these  pistons  were  tried  in  several  mines  in  Saxony, 
and  were  found  very  satisfactory.  It  was  only  observed  that 
there  was  some  inconvenience  attending  the  use  of  them  where 
the  wells  were  much  inclined  ;  as  the  pressure  of  the  watet 
above  not  being  equal  upon  all  the  movable  pieces  of  the  pis- 
ton, those  that  were  least  pressed  upon  let  some  of  the  water 
pass  between  them.  These  inconveniences  however  exist 
only  in  the  ordinary  pistons. 

In  some  departments  pistons  with  springs  are  sometimes 
used,  which  are  composed  of  movable  rubbing-pieces,  that 
are  substituted  for  the  leathers  that  are  ordinarily  employed. 
We  know  that  these  pistons  are  used  with  advantage  in  the 
cylinders  of  some  blowing-engines;  but  in  these  pistons  the 
rubbing-pieces  are  constantly  forced  against  the  interior  sur- 
face of  the  cylinder  by  the  springs. 

In  the , piston  with  the  flexible  crown  of  wood,  which 
ll.  Bonnard  has  described,  the  movable  pieces  of  wood  that 
compose  it  do  n6t  rub  against  the  interior  surface  of  the 
iMirrel  of  the  pump,  except  when  the  piston  ascends,  being 
then  pushed  by  the  weight  of  the  column  of  water  that  is 
raised,  and  they  scarcely  rub  at  ail  against  the  surface  when 
the  piston  descends.  This  peculiar  effect  assimilates  this 
piston  with  those  that  have  a  flexible  crown  of  leather,  or 
a  bucket,  and  gives  it  a  decided  advantage  over  pistons  with 
springs  and  cushions.  In  other  departments  pistons  with 
springs  are  sometimes  used,  which  move  in  cylinders  of 
cast-iron. 

These  pistons  are  composed  of  four  pieces  of  brass»  aaaa^  figures  262 
and  363,  which  are  each  about  three  centimetres  in  height  and  ttiickness, 
and  are  pushed  horizontally  by  two  springs,  bbbb.  Those  pieces,  which 
we  shall  caD  quadrant^  in  order  that  none  of  thewr  may  escape  when  ther 
play  under  the  inequalities  of  the  cylinder  in  which  they  rise  and  descend, 
are  each  of  them  something  longer  than  a  quarter  of  the  circumference  of 
the  cylinder,  and  towards  the  extremities  they  are  reduced  to  half  the 
thickness. 
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Bj  this  means,  these  qimdrants  sre  perfectly  corered  at  the  extremities^ 
and  prevent  the  passage  ^the  air  in  a  horizontal  direction,  while  the  spring 
bbbb  prevent  its  passage  vertical]^. 

In  conclusion  we  shall  observe,  that  these  pistons,  perfectly 
joined,  have  been  proved  to  be  proper  for  driving  air  with 
great  force.  We  shall  likewise  observe,  that  the  quadrants 
aaaa  being  made  of  brass,  and  rubbing  against  cast-iroo, 
ought  to  last  a  very  long  time;  consequently,  the  blowing 
here  mentioned  have  the  advantage  of  not  requiring  frequent 
repairs. 

19.  The  following  piston,  described  and  recommended  by 
Belidor,  seems  as  perfect  as  the  nature  of  things  will  allow. 
We  shall  therefore  describe  it  in  the  author's  own  words,  as 
a  model  which  may  be  adopted  with  confidence  in  the  great- 
est works. 

* « The  body  of  the  piston  is  a  truncated  metal  cone,  (fig .  264^ )  having  a  small 
fillet  at  the  grater  end.  Fig.  265  shows  the  profile,  and  fig.  266  the  pbn  of 
its  upper  base,  where  appears  a  cross  bar  D  D,  pierced  with  an  oblong  mor- 
tise £  for  receiving  the  tail  of  the  piston-rod.  A  band  of  thick  and  uniform 
leather  A  A,  (figs.  265  and  267,)  is  put  round  this  cone,  and  secured  by  s 
brass  hoop  B  B,  firmly  driven  on  its  smaller  end,  where  it  is  previously  made 
thinner  to  give  room  for  the  hoop. 

"  This  piston  is  covered  with  a  leather  valve,  fortified  with  metal  plates  G 
^t  (fig*  268. )  These  plates  are  wider  than  the  hole  of  the  piston,  so  as  to 
rest  on  its,  rim.  There  are  similar  plates  below  the  leathers,  of  a  smaUer 
size,  that  they  may  go  into  the  hollow  of  the  piston  $  and  the  leather  is  firm- 
ly held  between  the  metal  plates  by  screws  H  H,  which  go  through  alL 
This  is  represented  by  the  dotted  circle  J  K.  Thus  the  pressure  of  the 
incumbent  column  of  water  is  supported  by  the  plates  G  G,  whose  cir- 
cular edges  rest  on  the  brim  of  the  water-way,  and  thus  straight  edges 
rest  on  the  cross-bar  D  D  of  figs.  265  and  266.  'This  valve  is  laid  on 
tlie  top  of  the  conical  box  in  such  a  manner  that  its  middle  E  P  rests  on  the 
cross-bar.  To  bind  all  together,  the  end  of  the  piston-rod  is  formed  like 
a  cross,  and  the  arms  M  N,  (fig.  269,)  are  made  to  rest  on  the  diameter  F  F 
of  the  valve,  the  tail  E  F  going  through  the  hole  £  in  the  middle  of  the 
leather,  and  through  the  mortise  £  of  the  cross-bar  of  the  box,  as  well  as 
through  another  bar,  Q  R,  (figs.  267  and  268,)  which  is  notched  into  the 
lower  brim  of  the  box.  A  key  V  is  then  driven  into  the  hole  1,  in  the  pis- 
ton-rod; and  this  wedges  all  fast  The  bar  Q  R  is  made  strong;  and  itsex- 
t^m'ities  project  a  little,  so  as  to  support  the  brass  hoop  B  B,  which  binds 
the  leather  band  to  the  piston-box.'* 

This  piston  has  every  advantage  of  strength,  tightness  and 
large  water-way.  The  form  of  the  valve,  (which  has  given 
it  the  name  of  the  butterfly-valvej)  is  extremely  favourable  to 
the  passage  of  the  water;  and  as  it  has  but  half  the  motion 
of  a  complete  circular  valve,  less  water  goes  back  while  it  is 
shutting. 
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FIRE-ENGINES. 

^hen  fire  breaks  out  in  a  cr'owded  neighbourhood,  it  car- 
ries with  it  such  devastating  eflfects,  that  any  individual  who 
has  seriously  turned  his  attention  to  the  constructing  of  an 
engine  that  is  in  the  least  calculated  to  check  its  progress, 
must  ever  be  considered  as  deserving  of  our  praise.  Those 
who  have  most  beneficially  directed  their  attention  this  way 
are  Messrs  Newsham  and  Rowntree,  whose  engines  we  shall 
now  proceed  to  describe. 

1.  A  perspective  view  of  Mr  Newsham's  fire-engine^ 
ready  for  working,  is  represented  in  fig.  270. 

It  consists  of  a  cistern*  A  B,  about  three  times  as  long  as  itb  broad,  made 
of  tiiick  oaken  planks,  the  joints  of  which  are  lined  with  sheet  copper,  and 
easily  movable  by  means  of  a  pole  and  cross-bar  C  m,  the  fore  part  of  the  en- 
gine, which  is  so  contrived  as  to  slip  back  under  the  cover  of  the  cistern  and 
on  four  solid  wheels,  two  of  which  are  seen  at  D  and  E.  The  Mnd  axle-tree 
to  which  the  wheel  £  and  its  opposite  are  fixed,  is  fiurtened  across  under  the 
bottom  of  the  cistern;  but  the  fore  axle-tree,  bearing  the  wheel  D,  &c.  b  put 
on  a  strong  pin  or  bolt,  strongly  fastened  in  a  horizontal  situation  in  the 
middle  of  the  front  of  the  bottom  of  the  cbtem,  by  which  contrivance  the 
twofore-wheelsandthe  axle-tree  have  acircularmotion  round  the  bolt,  so  that 
the  engine  may  stand  as  firm  on  rough  or  sloping  ground  as  if  it  were  level. 
^  Upon  the  ground  next  to  the  hind  part  of  the  engine  may  be  seen  a  leather 
pipe  F,  one  end  of  which  may  be  screwed  on  and  off  upon  occasion  to  a 
brass  cock  at  the  lower  end  of  the  cistern;  the  other  end  is  immersed  in 
water,  supplied  by  a  pond,  fire-plug,  &c.  and  the  pipe  becomes  a  sucking- 
pipe  for  furnishing  the  pump  of^the  engine  by  its  working,  without  pouring 
water  into  the  cistern.  To  the  hind  part  of  the  cistern  b  furnished  a  wooden 
trough  G,  with  a  copper  g^te  for  keeping  out  stones,  sand,  and  dirt,  through 
whidi  the  cistern  is  supplied  with  water  when  the  sucking-pipe  cannot  be 
used.  The  fore  part  of  the  cistern  b  also  separated  from  the  rest  of  its 
cavity  by  another  copper  grate,  through  which  water  may  be  poured  into 
the  cistern.  Those  that  work  the  pumps  of  this  engine  move  the  handles, 
visible  at  the  long  sides,  up  and  down,  and  are  assisted  by  others  who  stand 
on  two  suspended  treadles,  throwing  their  weight  alternately  upon  each  of 
them,  and  keeping  themselves  steady  by  taking  hold  of  two  round  hori- 
2ontsl  raib  H  I,  f^med  into  four  vertical  stands  which  reach  the  bottom  of 
the  cistern,  and  are  well  secured  to  its  sides. 

Over  the  hind  trough  there  is  an  iron  handle  or  key  K,  serving  to  open 
or  shut  a  cock  placed  under  it  on  the  bottom  of  tbe  cistern,  the  use  of 
which  we  shall  explain  in  the  sequel  of  this  article.  L  is  an  inverted 
pyramidal  case  which  preserves  the  pumps  and  air-vesseU  from  damage, 
and  also  supports  a  wooden  frame  if,  on  which  stands  a  man,  who,  by 
raising  or  depressing,  and  turning  about  the  spout  N,  directs  the  stream  of 
water  as  occasion  requires.  Thb  spout  b  made  of  two  pieces  of  brass  pipe, 
each  of  which  has  an  elbow  ;  the  lower  is  screwed  over  the  upper  end  F, 
(fig.  271,)  of  the  pipe  that  goes  through  the  air-vessel,  and  the  upper  part 
screws  on  to  the  lower  by  a  screw  of  several  threads,  so  truly  turned  as  to 
be  water-tight  in  every  direction.  The  conic  form  of  the  spouting  pipe 
serves  for  wiredrawing  the  water  in  its  passage  through  it,  which  occasions 
a  fViction  that  produces  such  a  velocity  of  the  jet  as  to  render  it  capable  of 
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breaking  windows,  &c.  whilst  the  vftlres  and  leather  pipes  of  the  engine 
have  tamcient  water-way  to  supply  the  jet  in  its  greatest  relocitj.  Lea^ 
ther  pipes  of  considerable  length  may  be  screwed  at  one  end  of  the  nozle 
of  the  engine,  and  furnished  at  one  end  with  a  wooden  or  brass  pipe  for 
guiding  the  water  into  the  inner  parts  of  houses. 

Between  the  pyramid-box  L,  and  the  fore  end  of  the  engine,  there  is  a 
strong  iron  bar  O,  lying  in  a  horizontal  position  over  the  middle  of  the 
cistern,  and  playing  in  brasses  supported  by  two  wooden  stands ;  one  of 
wUch,  P,  is  placed  between  the  two  fore  stands  of  £he  upper  rails,  and  the 
other  is  hid  m  the  enclosure  over  the  hind  part.  Upon  proper  squares  of 
this  bar  are  fitted,  one  near  each  end,  two  strong  brass  bars,  which  take 
hold  of  the  lonr  wooden  cylindrical  handles,  by  means  of  which  the  engine 
is  worked  \  and  the  treadles  by  which  they  are  assisted  are  suspended  at 
each  end  by  chains  in  the  form  of  a  watch-chain;  and  receive  their  motion 
jointly  with  the  handles,  that  are  on  the  same  side,  by  means  of  two  circular 
sectors  of  iron  fastened  together,  and  fixed  upon  proper  squares  of  the 
.middle  horizontal  bar;  the  two  fore  ones  may  be  seen  at  Q ;  the  two  hind 
ones,  represented  upon  a  large  scale  in  fie*.  272,  differ  from  the  former  only 
hi  thickness,  for  the  fore  sectors  are  made  to  carry  only  one  chain  eaco, 
Ihstened  by  one  end  to  their  upper  part,  and  by  the  lower  end  to  the 
treadles;  whereas  the  sole  of  the  two  hind  sectors  is  wide  enough  to  carry 
two  chains  each ;  one  set  fiistened  like  those  of  the  fore  ones  for  the  mo- 
tioh  of  the  treadles;  and  the  other  two  chains  are  fastened  by  their  lower 
ends  to  the  lower  part  of  these  sectors,  and  by  their  upper  ends  to  the  top 
of  the  piston-bars,  in  order  to  give  them  motion.  See  fig.  271,  in  whicn 
the  hind  sectors  and  their  apparatus  are  represented  as  they  would  appear 
to  a  person  standing  between  the  two  fore  wheels,  and  looking  at  the  hind 
part  of  the  engine. 

The  square  over  the  letter  A  is  the  section  of  the  middle  bar,  on  which, 
right  over  the  two  barrels,  are  placed  the  two  sectors  B  C  A  and  D  E  A, 
fbrged  together.  F  G  H  K  and  fgkkvjre  the  two  piston-rods;  and  the 
openings  between  the  letters  G  H  and  g  A,  are  the  spaces  through  which 
the  hind  parts  of  the  two  treadles  pass.  L  and  M  represent  two  strong  studs, 
rivetted  on  the  other  side  of  the  bars  on  which  they  are  placed;  and  to  each 
of  these  is  fiistened  a  chain  like  a  watch  chain;  and  fixed  oy  their  upper  ends 
to  the  upper  extremities  D  and  B  of  the  iron  sectors,  by  which  tbey  are 
>  drawn  up  and  down  alternately.  These  sectors  give  also  an  alternate  mo- 
tion up  and  down  to  the  piston-rods,  by  means  of  two  other  dudns,  less  white 
in  the  figfure,  in  order  to  disting^sh  them  from  the  others;  these  are  fasten- 
ed by  their  lower  ends  to  the  lower  extremities  of  the  sectors  E  and  C,  and 
their  upper  ends,  terminating  in  a  male  screw,  are  made  tight  to  the  piston- 
rods  at  F  and/,  by  two  nuts. 

The  shape  of  the  piston-rods,  and  the  size  and  situation  of  the  chains  that 
give  them  motion,  are  so  contrived,  that  the  vertical  axis  of  the  piston  is  ex- 
adtly  in  the  middle  of  the  breadth  of  the  perpendicular  part  of  the  chains 
and  the  upper  part  of  the  piston-rod  taken  together.  P  Q  represents  one 
of  the  two  cross-bars  through  the  ends  of  which  pass  the  handlies  to  which 
the  men  i^ply  their  hands  when  they  work  the  engine;  these  cross-bars  are 
fitted  on  me  middle  bar  at  some  distance  from  the  sectors. 

The  other  parts  of  this  useful  engine  may  be  understood  by  the  help  of 
fig.  271,  which  represents  the  verticid  section  taken  throug^  the  middle  line 
of  the  hind  part  of  the  engine,  as  also  the  section  of  the  air  vessel,  and  that 
of  one  of  the  barrels,  and  likewise  the  profiles  of  the  hind  sectors,  and 
several  otiier  parts.  A  B  is  the  section  of  the  bottom  of  tiie  cistern,  and 
C  that  of  the  hindmost  axle-tree.     D  E  is  the  vertical  section  of  a  strong: 
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piece  of  cast  brass  or  hard  metal,  so  worked  as  to  have  a  hollow  in  it, 
represented  by  the  white  part,  and  fixed  to  the  bottom  of  the  dstem  { this 
reaches  from  &e  opening  D,  through  the  cock  W,  and  afterwards  divides 
itself  into  two  branches,  so  as  to  open  under  the  two  barrels ;  one  of  these 
branches  is  exhibited  in  the  figure,  and  the  other  is  exactly  behind  this* 
Through  this  channel,  which  may  be  called  the  sucking-piece,  water  is  cen« 
ycytd  to  the  pumps  by  the  pressure  of  the  atmos^iiere,  either  from  the 
cistern  itself,  or  from  any  place  at  a  ^distance,  by  means  of  the  leather  pipe 
F,  fig.  273,  which  screws  on  the  sucking-piece  at  D,  fis^.  271,  under  we 
hind  trough  Z,  the  grate  of  which  is  represented  by  the  horizontal  strokes* 
F  G  represents  the  vertical  section  of  another  piece  of  cast  brass  or  hard 
metal,  that  may  be  called  the  communication-piece,  having  two  hollows  for 
conveying  the  water  from  under  the  pistons  to  the  two  openii^  of  th* 
flanch  of  Sie  air-vessel ;  one  of  these  hollows  appears  in  the  figure ;  the  othet 
Ces  exactly  behind  this,  though  not  in  a  parallel  direction.  Between  the 
section  of  the  sucking-piece  D  E,  and  that  of  the  communication-piece  F  G, 
may  be  observed  the  section  of  one  of  the  plates  of  leather,  which  makes  all 
tight,  and  forms  one  of  the  two  sucking.valves,  of  which  there  b  another 
just  behind  this,  under  the  other  barrel.  R  S  T  is  the  section  of  the  copper 
air-vessel,  and  T  V  that  of  the  conduit-pipe  $  this  vessel  b  screwed  on  to  the 
hind  part  of  the  communication-piece,  and  at  top  is  fastened  by  a  collar  of 
iron  to  a  cross  piece  of  timber. 

Between  the  flanch  of  the  air-vessel  and  the  communication-piece,  may  be 
observed  the  section  of  one  of  the  plates  of  leather,  making  all  tight,  and 
screwing  one  of  the  two  forcing  valves,  of  which  there  isanouier  just  behind 
this,  exactly  over  the  other  opening  of  the  communication  fit>m  the  air-vessel. 
These  valves  are  loaded  with  a  lump  of  cast-iron  or  lead,  having  a  tul  or  teat 
let  through  the  flap  of  the  valve,  and  cross  pinioned  under  it :  and  it  is  to  be 
observed,  that  though  bodi  the  valves  are  represented  open  in  the  figmre^ 
they  are  never  both  open  at  the  same  time ;  for  when  the  engine  is  not  at 
work,  they  are  closed  down  by  the  weights  on  their  upper  surfiMies;  and 
when  the  engine  works,  two  are  shut,  and  the  other  two  are  alternately 
opened  by  the  motion  of  the  pistons  and  the  action  of  the  atmo^here^  to- 
geUier  with  the  reaction  of  the  air  contained  in  the  air-vesseL 

H  I  b  the  section  of  one  of  the  barreb  of  the  two  pumps,  which  are  both 
sacking  and  forcing;  as  b  evident  from  the  position  of  ^e  valves  and  the 
structore  of  the  pistons,  each  of  which  b  composed  of  two  iron  pbtes,  of  two 
wooden  trenchers,  and  of  two  flat  pieces  of  leather  turning  one  up  and  the 
ether  down.  L  K  represents  one  of  the  i>i8ton-rods  edgewise,  behind  which 
b  one  of  the  chains,  the  top  screw  of  which,  K,  can  only  be  seen.  M  is  the 
end  of  the  middle  bar,  and  N  a  section  of  the  hindmost  of  the  two  middle 
stands  which  support  the  middle  bar.  O  represents  the  end  of  the  profile  of 
one  of  the  treadles,  passing  through  the  rectangular  holes  of  the  piston-rpds, 
as  in  fir.  272.  The  weight  on  these  treadles  brings  them  and  the  piston-rods 
down  idtemately,  and  they  are  raised  up  again  by  the  help  of  the  other  set 
of  chains,  one  A  which  may  be  seen  edgewise  in  thb  figure^  placed  on  tiie 
sole  of  one  of  the  sectors,  &c.  see  ^g.  272. 

P  Q  b  part  of  the  cross-bars  which  carry  the  handles,  seen  edgewise^ 
and  X  T  represents  an  iron  handle,  by  the  help  of  whidi  the  cock  W  may  be 
placed  in  the  several  situations  requisite  for  the  use  of  the  engine.  The 
mechanism  may  be  understood  by  figs.  275, 276,  and  277,  which  represent 
the  horizontal  section  of  it,  in  three  different  situations.  It  has  three  holes, 
which  are  left  white  in  these  figures.  In  fig.  275,  the  position  of  the  cock 
b  represented  when  the  handles  X  Y  or  K  are  in  a  direction  parallel  to  D  £, 
or  to  the  middle  bar,  as  in  figs.  270  and  271.  In  thb  position  the  water 
supplied  by  the  sucldng-piece  enters  at  D,  and  proceeds  directly  through 
the  cock  W  to  the  valve  under  the  two  pistons;  and  there  is  now  no  com- 
munkation  from  ^e  barrel  with  the  cavity  of  the  cistern. 
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In  fig.  376,  we  hare  the  poaitaon  of  a  cock  when  the  handle  X  Y'is  tamed 
one  quarter  of  a  revolution  towards  the  eye  from  the  last-mentioned  sitiiA- 
tion,  in  which  case  there  is  no  communication  from  the  barrels  with  the 
outer  extremity  of  the  sucking-piece,  but  the  water  poured  into  the  fore  and 
hind  trouffh,  and  passing  from  thence  into  the  cayity  of  the  cisteniy  enters 
the  cock  sideways,  at  W,  and  turning  at  right  angles  through  the  cock  to- 
wards E,  proceeds  to  the  barrels  of  Uie  pumps.  Fi^.  277*  represents  die 
cock  W  when  the  handle  is  placed  diametically  opposite  to  its  last  situatioBy 
in  which  case  there  b  no  communication  from  the  under  side  of  the  bsrr^ 
with  the  cavity  of  the  cistern  or  the  outward  end  of  the  sucking-piece ;  but 
diis  situation  dTords  a  communication  fVom  the  cavity  of  the  cistern  with  the 
outside  of  the  engine,  and  the  water  left  in  the  cavity  of  the  cistern  may  bj 
this  means  be  employed  when  the  engine  has  done  working.  These  engines 
are  made  of  five  or  six  different  nzes. 

The  principles  on  which  this  engine  acts,  so  as  to  produce 
a  continued  stream,  arc  obvions  :  the  water  being  driven  into 
the  air-vessel,  as  in  the  operation  of  common  sucking  and 
forcing  pumps,  will  compress  the  air  contained  in  it,  and 
proportionably  increase  its  spring,  since  the  force  of  the 
air's  spring  will  be  always  inversely  as  the  space  which  it 
possesses ;  therefore  when  the  air-vessel  is  half  filled  with 
water,  the  spring  of  the  included  air,  which  in  its  original 
state  counterbalanced  the  pressure  of  the  atmosphere,  bieing 
now  compressed  into  half  the  space,  will  be  equal  to  twice 
the  pressure  of  the  atmosphere ;  and  by  its  action  on  the 
subjacent  water  will  cause  it  to  rise  through  the  cbnduit- 
pipe,  and  play  a  jet  of  32  or  33  feet  high,  abating  the  effect 
of  friction.  When  the  air-vessel  is  two-thirds  full  of  water, 
the  space  which  the  air  occupies  is  only  one-third  of  its  first 
space ;  therefore  its  spring  being  three  times  as  ffreat  as  that 
of  the  common  air,  will  project  the  water  with  twice  the 
force  of  the  atmosphere,  or  to  the  height  of  64  or  66  feet. 
In  the  same  manner  when  the  air-vessel  is  three-fourths  full 
of  water,  the  air  will  be  compressed  into  one-fourth  of  its 
original  space,  and  cause  the  water  to  ascend  in  air  with  the 
force  of  three  atmospheres,  or  to  the  height  of  96  or  99  foet, 
&c.  as  in  the  following  table : 
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2.  The  fire-engine  by  Rowntree  is  a  double  force-^pump, 
of  a  peculiar  construction,  similar  in  its  action  to  the  beer- 
engine,  but  as  it  is  on  a  much  larger  scale,  its  constructions 
are  of  course  Yaried. 

In  thif  engine,  figs.  278  and  279  are  two  elevations  at  right  angles  to  each 
<yther,  of  the  external  part  of  the  engine,  mounted  on  four  wheels.  Figs. 
280  and  281  are  two  sections  perpendicular  to  each  other  of  the  body  of  Uie 
engine  or  pump;  figs.  282  and  283  are  parts  of  the  engine.  The  same 
letters  are  used  as  far  as  they  apply  in  all  the  figures;  A  A  A  A,  figs.  280 
and  281,  is  a  cast-iron  cylinder  truly  bored,  10  inches  diameter  and  15  long, 
and  having  a  fianch  at  each  end  whereon  to  screw  two  covers,  with  stuf- 
fing-boxes, a  0,  in  their  centres,  through  which  the  spindle,  B  B,  of  the 
en^e  passes,  and  being  tight  packed  with  hemp  round  the  collar,  makes 
a  tight  ^oint;  the  piston  D  is  affixed  to  the  spindle  within  the  cylinder, 
and  fits  It  tight  all  round  by  means  of  leathers;  at  E,  fig.  281,  a  partition,  call- 
ed a  saddle,  is  fixed  in  the  cylinder,  and  fits  against  the  back  of  the  spindle 
tight  by  a  leather. 

We  have  now  a  cylinder,  divided  by  the  saddle  E  and  piston  into  two 
parts,  whose  capacity  can  be  increased  and  diminished  by  moving  tlie 
piston,  with  proper  passages  and  valves  to  bring  and  convey  the  water; 
this  wiU  form  a  pump.  These  passages  are  cast  in  one  piece  with  the 
cylinder:  one,  d,  for  bringing  the  water,  is  square,  and  extends  about 
one-third  round  the  cylinder:  it  connects  at  bottom  with  a  pipe  e  /  at  itd 
two  upper  ends  it  opens  into  two  larg^  chambers/^,  extending  near  the 
whole  length  of  the  cylinder,  and  closed  by  covers,  h  h,  screwed  on;  t  Ac 
are  square  openings  (shown  by  dotted  squares  in  fig.  280,)  in  the  cylinder 
commmunicating  with  the  chambers  Im;  in  fg  are  two  vsdves  closing  the 
ends  of  the  curved  passage  J,  and  preventing  any  water  returning  down 
the  passage  d;  n  o  are  two  passages  from  the  top  of  the  cylinder  to  con- 
vey away  the  water;  they  come  out  in  the  top  of  the  cylinder,  which, 
together  with  the  top  of  the  chambers  /g,  form  a  flat  surface,  and  are 
covered  by  two  valves,  p  q^  to  retain  the  water  which  has  passed  through 
them.  A  chamber,  K,  is  screwed  over  these  valves,  and  has  the  air-vessel  k, 
figs,  278  and  279,  screwed  into  its  top;  from  each  side  of  the  chamber,  a  pipe» 
to  to,  proceeds,  to  which  a  hose  is  screwed,  as  shown  in  fig.  280.  Levers,  x  x^ 
are  fixed  to  the  spindle  at  each  end,  as  shown  in  fig.  279,  and  carry  the  han- 
dles H  H,  by  which  men  work  the  engine.  When  the  piston  moves,  as  shown 
by  the  arrow  in  fig.  281,  it  produces  a  vacuum  in  the  chamber  /,  and  that  part 
of  the  cylinder  contiguous  to  it,  the  water  in  the  pipe  t  then  opens  the  valve 
m,  and  fills  the  cylinder. 

The  same  motion  forces  the  water  contained  in  the  other  part  of  the 
cylinder  throufffa  the  valve  7,  into  the  chamber  K,  and  thence  to  the 
hose  through  the  pipe  W;  the  piston  being  turned  the  other  way  reverses 
the  operation  with  respect  to  tne  valves,  though  it  continues  the  same  in 
itself.  The  pipe  c  is  screwed  by  a  flanch  to  an  upright  pipe  P,  fig.  282,  con- 
nected  with  another  square  iron  pipe,  f&stened  along  the  bottom  of  the 
chest  of  the  engine;  a  curved  brass  tube,  G,  comes  from  this  pipe  through 
the  end  of  the  chest,  and  is  cut  into  a  screw  to  fit  on  the  suction-hose 
when  it  can  be  used;  at  other  times  a  close  cap  is  screwed  on,  and  another 
brass  cap  at  H,  within  the  chest,  is  screwed  upwards  on  its  socket  to  open 
•everal  small  holes  in  it,  and  allow  the  water  to  enter  into  the  pipe;  in  tliis 
case  the  engine-chest  must  be  kept  full  of  water  by  buckets.  The  valves 
are  made  of  brass ;  and  turn  upon  hinges.  The  principal  advantage  of 
the  engine  is  the  Ikcility  with  which  it  is  cleared  trom  any  sand,  gravel, 
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or  other  obstructions*  which  a  fire-engine  will  always  gtther  when  al 
work. 

The  chambers/^,  being  so  large,  allow  sufficient  room  to  lodge  a  greater 
quantity  of  dirt  than  is  likely  to  be  accumulated  in  the  use  of  the  engine  at 
any  one  fire,  and  if  any  of  it  accidentally  falls  into  the  cylinder,  it  is  gently 
lifted  out  again  into  the  chambers,  by  the  piston,  without  being  any  obstruc- 
tion to  its  motion;  to  clear  the  engine  from  the  dirt,  two  circular  plates  of 
five  inches  diameter,  are  unscrewed  from  the  lids  k  k  of  the  chambers/f , 
and  when  cleaned  are  screwed  on  ng^n;  these  screw-covers  fit  perfecUy 
tight  without  leather,  and  can  be  taken  out,  the  engine  cleared,  and  en- 
closed again  in  a  very  short  time,  even  when  the  engine  is  in  use,  if  found 
necessary. 

The  two  upper  valves  p  9,  and  chamber  K,  can  also  be  cleaned  with 
equal  ease,  by  screwing  out  the  air-vessel  k  k,  fig.  278,  which  opens  an 
aperture,  of  five  inches,  and  fits  air-tight,  without  leather,  when  closed. 
The  valve  may  be  repaired  through  the  same  openings.  The  use  of  the 
air-vessel,  k  k,  figs.  278  and  279,  is  to  equalize  the  jet  from  the  engine 
during  the  short  intermittance  of  motion  at  the  return  of  the  piston-stroke ; 
thb  it  does  by  the  elasticity  of  the  compressed  air  wi^n  it,  which  forces 
the  water  out  continually,  Uioughnot  supplied  quite  regularly  from  the  en- 
gine. 

The  engine  from  which  the  drawing  was  taken,  was  con- 
structed for  the  Sun  Fire  Insurance  Company,  in  London, 
and  from  some  experiments  made  by  their  agent,  Mr  Samuel 
Hubert,  appears  to  answer  every  purpose. 

[Owing  to  the  pecular  organization  of  the  fire  depart- 
ment of  this  city,  (Philadelphia,)  which  is  supported  solely 
by  the  zeal  and  public  spirit  of  private  volunteer  associa- 
tions, with  but  slender  pecuniary  assistance  from  the  city 
authorities,  great  emulation  and  rivalry  exists,  and  the  atten- 
tion of  ingenious  men  attached  to  them,  has  been  directed  to 
the  improvement  of  the  fire  apparatus,  and  their  exertions 
have  been  attended  with  corresponding  success.  The  intro- 
duction of  riveted  hose  was  perhaps  the  most  important  im- 
provement in  our  means  of  extinguishing  fires,  and  without 
it  no  apparatus  should  be  considered  effective.  It  is  made  of 
sole-leather  dreBsed  to  an  even  thickness  and  breadth,  lapped 
over  and  riveted  with  iron  or  copper  tinned  rivets,  which  arc 
introduced  from  the  under  or  inside  of  the  leather,  having  a 
burr  placed  upon  the  point  which  is  then  riveted  down,  and 
closed  with  a  hollow-set  punch  ;  the  lengths  of  hose  are  joined 
together,  by  a  double  row  of  rivets  diagonally.  Fifty  feet 
thus  made  form  a  section,  having  at  each  end  a  screw,  (ooe 
male  and  the  other  female,)  turning  upon  itself  and  forming  a 
swivel.  An  indefinite  number  of  sections  may  be  attached 
by  introducing  one  screw  into  the  corresponding  one  without 
twisting  the  hose.  The  merit  of  introducing  this  iropoilaot 
improvement  belongs  to  The  Philadelphia  Hose  Company  of 
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this  city,  under  whose  direction  and  at  whose  expense  the 
experiments  were  tried,  which  have  resulted  in  its  present 
state  of  perfection.  The  committee  who  executed  the  work 
were  Messrs  Sellers,  Pennock,  and  Morris. 

Many  important  improvement^  have  also  been  made  in  the 
fire-engine,  especially  in  the  form  and  arrangement  of  the 
various  parts,  and  in  the  perfection  of  the  workmanship. 

Plate  No.  36^,  Fig.  1.  exhibits  a  side  view  of  an  engine  in  the  form  pre- 
ferred and  adopted  by  most  of  our  firemen.  The  levers  are  of  a  shape  in- 
troduced by  Mr  Perkins,  and  are  by  far  the  most  convenient  of  any  now 
known  or  in  use.  The  handles  hinge  upon  studs  in  the  centre  of  the  cross- 
bars, attached  to  the  end  levers,  and  when  put  in  operation  fall  into  clasps 
at  the  extremities,  and  are  there  firmly  retained.  The  improvement  in  the 
form  of  the  levers  was  first  made  by  Mr  Adam  Eckfeldt. 

Figp.  2.  represents  the  working  parts  of  the  same  engine.  A  A  are  the  cham- 
bers or  pumps,  which  are  made  of  brass.  The  part  in  which  the  piston  works 
b  bored  and  polished;  they  are  bolted  down  upon  the  seats  M,  which  are  in 
like  manner  secured  to  the  bottom  of  the  engine  by  bolts  through  the  feet  L  L. 
The  pistons  B  B  are  two  metal  disks,  each  enclosed  in  a  cup,  (pressed,)  of 
leather,  the  bottoms  of  which  come  in  contact  with  each  other,  and  are  firmly 
connected  by  the  piston-rods  n  ».  These  rods  work  in  a  movable  pin  P, 
(the  centre  being  permanent,  and  passing  through  the  guide  H, )  are  alter- 
nately raised  and  depressed  by  the  motion  of  the  lever  K,  (a  portion  of  which 
is  represented, )  moving  upon  its  centre  G.  When  the  piston  is  raised  the 
chamber  fills  with  water,  forced  into  it  by  the  pressure  of  the  atmosphere 
on  the  surface,  through  the  opening  in  the  seat  M.  It  is  then  depressed, 
the  valve  e  closes,  and  the  water  passes  up  through  the  water-way  c  into 
the  air  vessel  F,  and  is  there  retidned  by  the  closing  of  the  valve  a,  until 
by  the  frequent  and  alternate  operation  of  the  pistons,  the  air  in  the  air- 
▼essel  is  so  far  condensed,  that  oy  its  re-action  it  forces  the  water  through 
the  pipe  O  with  considerable  violence  on  any  object  towards  which  it  may 
be  directed. 

This  engine  is  on  precisely  the  same  principle  as  New- 
sham's,  and  differs  only  in  the  mechanical  arrangement  and 
structure,  to  which  it  is  decidedly  superior,  being  by  far 
more  simple. 

Fig.  3.  represents  another  variation  of  the  fire-engine  pump,  the  origin  of 
which  we  are  unacquainted  with,  but  believe  it  to  be  French.  It  consists  of  a 
cylinder  of  brass  A  A,  laid  horizontally,  the  piston  working  in  the  same  direc- 
tion, the  rod  being  attached  to  drops  at  right  angles  with  the  levers,  which 
have  the  same  form  as  those  last  described.  When  the  piston  is  moved,  the 
water  follows  by  atmospheric  pressure  through  the  pipe,  entering  by  the 
circular  aperture  J.  On  the  return  of  the  piston,  the  valve  at  P  closes,  and 
the  water  is  forced  through  the  water-way  o,  into  the  air-vessel  K,  its  return 
being  prevented  by  the  closing  of  the  valve  e,  it  is  discharged  through  hose 
leading  from  the  pipe  L.  The  same  takes  place  alternately  on  moving  the 
piston  back  and  forward.  The  piston-rod  B  is  a  permanent  rod  of  polished 
iron  working  through  the  stuifing-box  Q,  attached  to  the  cap  n,-  m  Ad  n  arc 
cast-iron  caps  fitted  to  the  ends  of  the  chamber,  and  are  rendered  air-tight 
by  leather  or  leaden  joints,  securely  connected  together  by  bolts  passing  the 
length  of  the  chamber  with  a  nut  on  each  end.  This  description  of  works 
has  some  objections.  It  is,  however,  advantageously,  used  in  machines  called 
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hydrauUons,  which  are  a  combinatioQ  of  a  hoe^-carriage  and  engine  in  one . 
It  is  compact,  and  can  therefore  he  arranged  so  as  to  cany  a  laige  quantity 
of  hose  in  the  hody,  without  making  it  too  unwieldy.  On  the  other  hand,  it 
is  very  liable  to  ^et  out  of  repair,  and  difficult  to  put  in  order;  in  fact,  to  per- 
form this  operation,  the  whole  works  must  come  out.  Ag^n,  owing  to  its 
position,  all  dirt  and  gravel  that  finds  its  way  into  it,  naturally  settles  to  the 
lower  side,  and  wears  that  part  away  before  any  other,  very  soon  making  the 
chamber  oval,  and  of  course  not  perfectly  water-tight.  It  is,  however,  weU 
adapted  to  suctions,  as  the  chamber  being  constantly  full  of  water  on  iKMh 
sides  of  the  piston-head,  no  air  can  pass  to  destroy  me  effect. 

Fig.  4.  is  a  suction  tube,  on  a  new  and  improved  construction,  and  is  an 
admirable  substitute  for  the  leathern  suction  hose  formerly  used,  possessing 
all  its  advantages  without  its  defects.  It  is  formed  of  copper  tubes  e,  c,  e,  five 
feet  long,  connected  at  each  end  by  joints  B,  moving  upon  themselves,  (thef«- 
by  making  the  whole  tube  flexible, )  called  swivel  joints.  The  pipe  is  here 
represented  folded  up  in  the  form  as  carried  on  the  engine,  and  may  be  ex- 
tended at  pleasure  by  unfolding  the  joints  to  the  length  of  17  or  18  feet,  C 
is  the  female  screw  which  attaches  it  to  the  outside  of  the  engine,  (which  b 
penetTAted, )  and  forces  it  against  a  leather  collar  within  the  aperture  J  in  the 
suction-seat  attached  to  the  horizontal  chamber,  fig.  3.  D,  fig.  4^  is  a  bulb 
of  copper  pierced  with  holes,  which  let  the  water  pass,  and.  exclude  all 
dirt  and  other  matter  which  would  be  injurious  to  the  works  of  the  engine. 

Fig.  5.  is  a  sectional  view  of  Perkins's  single-chamber  ennne.  A  is  the 
working  chamber  of  copper  or  brass,  having  small  holes  d^  a^  near  the  top, 
through  which  the  water  passes.  B  is  a  division  cylinder  between  the  cham- 
ber and  air-vessel,  and  is  firmly  secured  at  the  top,  while  the  lower  end  ter- 
minates within  three  inches  of  the  bottom  of  the  chamber,  and  is  intended 
to  form  the  inner  coat  of  the  air  vessel.  The  whole  is  surrounded  by  a  cvlin- 
def  Cf  which  forms  the  outer  coat  of  the  air  vessel,  and  is  connected  at  both 
ends  with  the  chamber  by  a  plate  of  solder  |ths  of  an  inch  thick,  into  which 
they  are  firmly  incorporated.  The  whole  stands  upon  a  seat  of  brass,  having 
an  opening  through  which  the  water  passes,  and  is  closed  by  the  valve  F. 
The  chamber  is  firmly  bolted  to  the  bottom  of  the  engine  by  bolts  passing 
through  the  cap  G  with  nuts.  K  is  the  plunger  of  copper,  (drawn,)  the  ca- 
pacity of  which  is  half  that  of  the  chamber,  it  works  through  a  sturang-box 
o  o,  made  perfectly  tight  by  bolts  secured  in  the  caps.  J  is  the  piston-rod, 
movable  on  the  joint  at  M,  which  givesa  perpendicular  motion  to  the  plunger. 
L.  is  the  piston  head  through  which  is  passed  the  cross-bar  of  the  levers, 
which  are  similar  to  those  first  described.  The  operation  of  tins  en|^ne  is 
different  from  any  other  in  use  or  known  by  us,  and  was,  we  believe,  anew 
idea  of  Mr  Perkins.  Suppose  the  plunger  or  piston  raised,  vrater  flows 
through  the  valve  F  by  atmospheric  pressure,  and  the  whole  capacity  of  the 
chamber  below  the  plunger  is  filled.  It  is  then  depressed.  The  lower  valve  F 
closes,  and  those  in  the  box  8  8,  attached  to  the  plunger,  open.  The  plunger, 
we  have  already  noticed,  is  exactly  one-half  the  size  or  area  of  the  chamber; 
consequently,  when  the  plunger  is  depressed,  one-half  the  water  which  pass- 
es through  the  valve  s  8  remains  in  tlie  space  between  the  chamber  and 
plungfer;  the  other  half  passes  through  the  small  holes  dd^  down  the  space 
■between  the  chamber  and  division  B,  and  thence  through  the  discharge  pipe 
N.  When  the  plunger  is  rwsed  agun,  the  upper  valve  closes,  the  water 
which  remained  passes  out  through  the  same  openings  as  before,  and  the 
chamber  below  the  box  is  again  filled;  the  same  operation  is  repeated  at 
every  stroke  of  the  levers;  thus  a  continued  stream  is  sustained  with  one 
chamber,  the  water  being  projected  both  at  the  up  and  down  stroke. 

The  only  recommendation  which  can  be  given  to  this  en- 
gine over  the  double  chamber  is,  that  while  the  same  eflfects 
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are  produced,  the  expense  of  the  machine  is  decreased  20 
per  cent.  But  no  form  of  engine  is  so  simple,  durable,  or 
easily  repaired,  as  those  represented  in  figures  I  and  2. 

The  principles  on  which  the  air-vessel  operates,  are  so 
ably  explained  in  the  description  of  Newsham's  engine,  that 
it  is  almost  unnecessary  to  allude  to  them.  There  is,  how- 
ever, no  power  gained  by  the  use  of  this  instrument ;  the 
only  advantage  obtained  by  it  is  that  the  reaction  of  the 
condensed  air  serves  to  keep  up  a  constant  pressure  on 
the  water  in  the  air-vessel,  and  sustains  the  stream  per- 
fect at  the  moment  of  the  return  stroke.  The  table  show- 
ing the  distance  to  which  air  ofseveral  degrees  of  conden- 
sation will  project  water,  (which  closes  the  article  alluded 
to,)  may  be  very  true  in  theory,  but  is  not  found  to  be  so  in 
practice,  because  the  resistance  of  the  atmosphere  increases 
in  a  greater  ratio  than  the  velocity  of  the  water ;  and  beyond 
a  certain  distance  it  is  probable  the  water  cannot  be  project- 
ed, as  it  is  found  the  resistance  becomes  so  great  as  to  dis- 
perse and  separate  the  stream  into  small  particles  when  pro- 
jected with  great  velocity.] 


JACKS. 

The  jacks  which  we  propose,  here  to  describe  are  simple 
machines  used  for  raising  heavy  weights. 

Tig.  341  represents  the  common  or  simple  hand  jack;  a  block  of  wood 
about  two  feet  six  inches  long-,  10  inches  broad,  and  six  inches  wide,  is 
perforated  with  a  square  hole  or  mortise  through  it  lengthwise  for  the  re- 
ception of  an  iron  rack  B.  This  rack  is  formed  with  a  double  claw  or  horn 
at  its  upper  end.  A  small  pinion  ^  is  made  to  engage  in  the  teeth  of  the 
rack.«  The  axis  of  the  pinion  is  supported  in  iron  plates  bolted  to  each  side 
of  the  block,  and  one  end  of  the  axis  projects  through  the  side  plate,  with 
a  square  to  receive  a  winch  or  handle,  which,  being  turned  round,  the  pin- 
ion elevates  the  rack  B  in  the  mortise,  and  raises  the  claw  or  horns  up  to  the 
load  to  which  it  is  applied.  To  prevent  the  weight  of  the  load  running  the 
piiuon  back,  the  handle  is  detained  by  a  hook  or  link  a,  fastened  to  the 
outside  of  the  block. 

When  a  greater  power  is  required  than  the  simple  rack  and  pinion  are 
capable  of  exerting,  a  combination  of  wheel-work  is  used,  as  shown  in  the 
same  figure,  where  A  A  is  the  block  of  wood,  which  in  this  case  is  made 
sufficiently  wide  to  contain  the  cog-wheel  F,  fixed  to  the  pinion  C,  which, 
acts  in  the  teeth  of  the  rack  B.  G  is  a  second  pinion  of  four  leaves,  work- 
ing in  the  wheel  F;  and  the  axis  of  this  pinion  projects  through  the  side  of 
the  block  for  the  winch  H  to  be  fixed  on  it.  The  block  A  A  is  made  in  two 
halves,  and  the  recess  for  the  wheel  F,  and  the  pinion  G,  is  cut  in  one 
sf  the  halves;  the  other,  being  laid  flat  against  it,  supports  the  front  pivots 
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of  the  wheel  and  pinions.  The  two  halves  are  boand  together  by  strong 
iron  hoops  b  i,  driycn  over  the  outside.  The  rack  has  a  claw  N,  at  its  lower 
end,  pijDJecting  out  sideways  through  an  opening  or  slit  cut  through  in  the 
front  half  of  the  block.  ThiS  claw  can  be  introduced  beneath  a  stone  which 
lies  nearly  flat  upon  the  ground,  and  which  consequently  could  not  be  acted 
upon  by  the  claw  on  the  top  of  the  rack.  To  prevent  the  rack  descendiag 
when  it  has  a  load  upon  it,  the  small  click  a  drops  into  its  teeth^  but  clears 
it  in  going  up;  when  it  is  not  required  to  detain  the  rack,  this  click  can  be 
turned  out  of  the  way  sideways. 

Fig.  243  is  a  screw  jack.  The  block  of  wood  A  A  is  perforated  nearly  Hi 
whole  length  with  a  hole  sufficiently  large  to  allow  the  screw  B  to  move  op 
and  down  without  touching.  The  screw  passes  through  a  nut  n,  fixed  into 
the  top  of  the  block  A ;  and  if  the  screw  is  turned  round,  it  must  rise  up  through 
the  nut,  and  elevate  the  claw  F.  This  claw  is  fitted  on  the  top  of  the  screw 
with  a  round  collar,  which  allows  the  screw  to  turn  round  without  taming 
the  claw:  and  the  claw  N,  which  projects  through  a  groove  or  opening 
made  in  the  side  of  the  block,  is  fitted  to  the  screw  with  a  smaller  collar. 
The  bottom  of  the  block  has  four  short  points  to  prevent  the  machine  slip- 
ping when  used  upon  hard  ground.  To  g^ve  motion  to  the  screw,  the 
lower  half  of  it  is  formed  into  a  square,  and  a  worm-wheel  C  is  fitted  upon 
the  square.  The  teeth  of  this  wheel  are  engaged  by  a  worm  on  the  axis  of 
the  winch  H,  and  plates  of  iron,  a  b,  are  bolted  on  each  side  of  the  block, 
near  ^e  middle  of  its  height,  to  carry  the  ends  of  the  axis  of  the  winch  and 
of  the  worm  which  is  concealed  by  the  worm-wheel  C.  When  the  winch  is 
turned  round,  it  causes  the  wheel  C  to  revolve  by  the  action  of  the  wmm  inits 
teeth;  and  as  the  wheel  is  fitted  on  the  square  part  of  the  screw,  it  compeb 
it  to  turn  with  it,  but  at  the  same  time  allows  the  screw  to  move  up  and  down. 

Jacks  have  been  also  constructed  upon  the  hydrostatic 
principle  discovered  by  Pascal,  and  which  has  been  applied 
to  practice  by  the  late  Mr  Bramah,  in  this  and  various  other 
useful  machines. 


CRANES. 

Cranes  are  certain  simple  machines  in  which  either  the 
wheel  and  axle,  or  wheel  and  pinion  are  introduced,  to  effect 
the  raising  of  heavy  loads,  such  as  the  loading  or  unloading 
of  shipping  at  the  quays  or  wharfs,  or  the  raising  or  lowering 
goods  to  and  from  chambers  or  warehouses. 

Various  modes  have  been  adopted  to  turn  the  wheel,  or 
that  part  of  the  machine  which  is  applied  to  the  same  pur- 
pose, by  introducing  long  staves  into  the  axle,  by  which 
it  acquires  the  name  of  a  capstan,  or  windlass ;  or  by  a  rope 
.  passing  over  the  wheel,  and  putting  it  and  the  axle  in  motion 
by  friction.  Other  methods  have  been  adopted,  such  as  form- 
ing the  wheel  hollow,  and  causing  it  to  revolve  by  means  of 
labourers  inside  of  it,  walking  up  itssides,  which  consequently 
descends  beneath  their  weight;  or  by  forming  it  into  a  plat- 
form, lying  in  a  slanting  direction,  and  the  labourers  pushing 
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•gaiiiBi  a  fixed  arm,  which  forces  the  platfermor  wheel  round 
under  their  feet. 

Most  of  the  cranes  constructed  with  the  wheel  and  axle 
occupy  too  much  space,  which  is  of  importance,  and  conse- 
quently, where  cranes  are  in  general  use,  have  been  super- 
seded by  the  wheel  and  pinion,  which  is  of  a  more  compact 
and  convenient  construction.  The  wheel  and  pinion  is  ge- 
nerally accompanied  with  a  ratchet-wheel  and  pall,  or  some 
other  method  of  locking  the  handle,  so  that  should  the  la- 
bourer desist  from  his  exertion,  the  load  may  not  return  to 
the  place  whence  it  has  been  raised. 

The  frame-work,  or  that  part  of  the  crane  which  does  not 
inomediately  operate  to  raise  the  load,  is  divided  into  three 
parts,  the  post,  the  jib,  and  the  stay.  The  post  is  the  upright 
piece,  almost  universally  made  to  turn  on  a  centre ;  the  jib  is 
the  arm  extending  from  the  upper  part  of  the  post,  and  in 
some  cases  is  horizontal,  but  more  frequently  at  an  angle  to 
the  horizon ;  and  the  stay  is  that  piece  which  supports  the 
jib,  reaching  from  the  lower  part  of  the  post  to  nearly  the 
extremity  of  the  jib. 

The  most  simple  form  of  the  crane  is  that  commonly  used 
in  stone  and  timber  wharfs  for  unloading  vessels,  for  which 
purpose  it  is  well  adapted,  its  power  being  very  great.  It 
has  a  frame  consist iug  of  a  strong  beam  supported  hori- 
zontally at  10  or  12  feet  from  the  ground,  on  the  top  of 
several  vertical  posts  very  firmly  fixed  in  the  ground,  and 
securely  braced  with  stays  in  every  direction.  At  the  ex- 
tremity of  the  horizontal  beam  the  upper  part  of  the  jib  is 
supported,  the  lower  pivot  resting  on  a  post  in  the  ground. 
The  jib,  or  gibbet,  as  it  is  called,  from  a  resemblance  to  that 
machine,  is  a  triangular  frame  of  wood,  one  side  being  per- 
pendicular, and  supported  on  pivots  at  the  top  and  bottom, 
so  that  the  whole  moves  round  on  these  as  a  vertical  axis  of 
motion.  Near  the  upper  end  of  the  perpendicular  post,  a 
beam  proceeds,  forming  the  upper  side  of  a  triansle,  while 
the  third  side  is  a  brace,  extended  from  the  foot  of  the  per- 
pendicular, to  support  the  upper  piece.  From  the  extremity 
of  the  latter,  the  burden  is  suspended  by  a  rope  passing  over 
a  pulley;  the  other  end  of  the  rope  is  coiled  round  a  vertical 
roller,  or  capstan,  turning  on  pivots,  one  supported  by  the 
horizontal  beam  first  mentioned,  and  the  other  on  a  post  i* 
the  ground.  The  capstan  is  turned  round  by  means  of  long 
horizontal  levers  fixed  to  it,  at  which  a  great  number  of  men 
may  be  employed  to  push  them  round,  or  in  some  cases  they 
are  drawn  by  horses.     As  the  levers  admit  of  a  very  great 
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length  iQ  proportion  to  the  diameter  of  the  windlass  on  which 
the  rope  coils,  the  power  of  this  simple  crane  is  very  consi- 
derable, and  may  be  doubled  by  a  pair  of  blocks  or  pullies  at 
the  jib.  When  the  burden  is  raised  to  a  sufficient  height, 
br  turning  the  capstan,  the  jib,  being  swung  round  on  its 
pivots,  will  convey  the  load  into  a  cart  or  wagon  placed  oa 
shore  by  the  side  of  the  crane. 

Another  kind  of  crane,  which  is  equally  common  with  the 
above,  but  used  for  lighter  burdens,  has  the  same  jib,  as 
indeed  most  cranes  have ;  but  the  windJass,  or  barrel  for  the 
rope,  is  placed  horizontally,  and  has  a  large  vertical  wheel 
fixed  upon  it.  This  is  made  of  two  wheels  fixed  on  an  axis 
at  a  distance  apart,  and  united  by  boards,  so  as  to  form 
a  large  hollow  cylinder  or  drum.  Several  men  get  into  this 
wheel,  and  by  constantly  walking  upwards  on  the  inside, 
give  it  a  tendency  to  revolve,  and  wind  up  the  rope  on  the 
barrel.  It  is  surprising,  that  so  imperfect,  this  should  have 
been  so  universally  adopted  as  it  was,  till  within  these  few 

f rears.  Even  when  the  wheel  is  sixteen  feet  in  diameter,  the 
abourers  within  cannot  walk  so  far  up  it,  from  the  perpen- 
dicular, as  to  have  any  effective  leverage  to  turn  it  round ; 
though  they  are  always  exposed  to  danger,  and  frequently 
meet  with  most  shocking  and  fatal  accidents,  from  slipping 
down  in  the  wheel,  or  from  being  overpowered  by  the  load ; 
in  this  case,  the  wheel  runs  back  with  an  accelerating  velocity, 
and  the  people  are  thrown  about  it  in  a  most  dreadful  manner. 
From  these  defects  of  the  common  construction,  skilful  me- 
chanicians have  devised  cranes  that  are  not  only  more  safe, 
but  more  powerful  in  their  operation,  than  the  common  walk- 
ing-crane. Some  of  the  best  of  these  will  be  described  in 
the  present  article. 

Mr  Padmore,  many  years  ago,  contrived  to  prevent  the 
danger  attending  the  use  of  the  construction  last  described, 
by  putting  a  ring  of  cogs  all  round  the  outside  of  the  great 
wheel,  and  applying  a  trundle  provided  with  winches  to  turn 
it.  By  this  addition,  the  power  waJB  increased  in  proportion 
to  the  number  of  coss  in  the  wheel  to  the  number  of  staves 
in  the  trundle ;  and  in  order  to  prevent  the  wheel  from  run- 
ning back  by  the  force  of  the  weight,  should  the  man  within 
it  slip,  or  leave  off  walking,  he  added  a  ratchet-wheel  to  the 
^d  of  the  trundle.  Two  winches  being  fixed  to  the  ends  of 
the  axis  of  the  trundle,  gave  the  people  attending  the  crane 
the  means  of  assisting  the  man  in  the  wheel,  when  the  load 
rendered  it  necessary.  On  the  axis  of  the  trundle  is  likewise 
fixed  a  wooden  wheel  provided  with  a  brake  or  gripe,  which 
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could  be  forcibly  pressed  on  the  circumfereDce  of  the  wheel 
bj  a  leveri  to  cause  such  a  friction  as  would  prevent  the 
weight  from  descending  too  rapidly.    By  this  means,  heavy 

foods  may  be  raised  or  let  down  at  pleasure,  without  any 
anger  of  injuring  the  men  in  the  crane.  This  contrivance 
is  ingenious ;  but  the  rapid  motion  of  the  circumference  of 
the  large  walking-wheels,  in  most  cases,  rendered  it  inappli- 
cable, unless  a  smaller  cog-wheel  was  fixed  upon  the  same 
axis  with  the  walking-wheel. 

A  crane  to  be  turned  by  winches,  was  contrived  by  the 
late  Mr  Ferguson,  which  has  three  trundles,  with  different 
numbers  of  staves.     Any  one  of  these  may  be  applied  to  the 
cogs  of  a  horizontal  wheel,  mounted  on  an  upright  axle,  round 
which  is  coiled  the  rope  for  drawing  the  weight.     This  wheel 
has  96  cogs ;  the  largest  trundle  24  staves,  the  next  12,  and 
the  smallest  six ;  so  that  the  largest  revolves  four  times  for 
one  revolution  of  the  wheel,  the  next  eight,  and  the  smallest 
sixteen.    The  winch  is  occasionally  fixed  on  the  axis  of 
either  of  these  trundles  for  turning  it,  and  is  applied  to  one 
or  the  other,  according  as  the^eight  to  be  raised  is  smaller 
or  larger.    There  is  also  a  fourth  trundle  acting  in  the  teeth 
of  the  great  wheel,  and  on  its  axis  is  a  brake  and  ratchet- 
wheel.     While  the  load  is  drawing  up,  the  teeth  of  the 
ratchet-wheel  slip  round  below  a  catch  which  falls  into  them, 
and  prevents  the  crane  from  turning  backward,  thus  detaining 
the  weight  in  any  part  of  its  ascent,  if  the  man  who  works  at 
the  winch  should  accidentally  quit  his  hold,  or  wish  to  rest 
himself  before  the  weight  is  completely  raised.    Making  a 
due  allowance  for  friction,  a  man  may  raise,  by  such  a  crane, 
from  three  to  twelve  times  as  much  in  weight  as  would  ba- 
lance his  effort  at  the  winch,  viz.  from  90  to  360  lbs.  taking 
the  average  labour. 

Many  other  constructions  of  wheel-work  are  in  common 
use  for  cranes.  When  they  are  turned  by  a  winch,  it  is 
proper  to  apply  a  fly-wheel  to  the  axis  of  it,  both  to  equalize 
the  efforts  of  the  labourer  who  turns  it,  and  in  case  he  acci- 
dentally lets  go  the  handle,  to  prevent  the  load  from  running 
down  so  quickly  as  to  endanger  any  thing.  It  is  convenient 
to  have  several  different  powers  to  a  crane  of  this  kind,  to 
adapt  it  for  the  different  burdens  to  be  raised ;  this  is  best 
done  by  employing  a  train  of  several  wheels,  each  turned  by 
a  pinion  smaller  than  itself.  Thus,  suppose  the  barrel  on 
which  the  rope  or  chain  winds  to  be  12  inches  in  diameter, 
and  has  a  cog-wheel  of  96  teeth  fixed  on  the  end  of  it;  this 
is  turned  by  a  pinion  of  12  leaves ;  on  the  same  axis  with 
2  M 
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this  is  a  wheel  of  32  teeth,  moved  by  a  pinion  of  eight, 
actuated  on  a  third  axis,  which  should  carry  the  fly-wheel. 
A  winch  of  one  foot  radius  can  be  applied  to  any  of  these 
three  axes  in  the  crane,  and  will  give  three  different  powers. 
Thus,  if  it  is  applied  to  the  gudgeon  of  the  barrel,  it  will 
double  the  power  of  the  balance,  because  the  winch  describes 
a  circle  which  is  twice  as  large  as  the  barrel  on  which  the 
chain  winds ;  if  the  winch  is  fixed  on  the  end  of  the  axis 
which  carries  the  pinion  of  12,  and  the  wheel  of  32,  it  will 
give  the  labourer  a  purchase  of  16  times;  and  lastly,  when 
the  winch  is  applied  to  the  pinion  of  eight,  his  efforts  will 
be  multiplied  64  times.  This  simple  mechanism  is  ren- 
dered very  complete  by  fixing  a  fly-wheel  upon  the  axis  of 
the  pinion  of  eight,  to  prevent  all  accidents ;  for  which  pur- 
pose it  is  more  effective  than  a  ratchet-wheel,  and  requires 
no  attention.  The  spindles  of  all  the  pinions  are  made  ca- 
pable of  sliding  endwise,  for  the  purpose  of  disengaging  the 
wheels  from  each  other  at  pleasure,  that  when  the  wheels 
are  not  employed,  there  may  be  no  unnecessary  friction  in 
turning  them  round. 

The  gibbet  of  a  crane  is  a  very  principal  member,  as  we 
have  before  explained ;  but  in  its  common  construction,  it 
has  someTdefects.  The  rope  by  which  the  burden  is  raised 
passes  exactly  over  the  gudgeon  of  the  vertical  beam  of  the 
jib,  and  is  confined  between  two  small  vertical  rollers,  in  order 
that  it  may  always  lead  fair  with  the  pulley  or  sheave  at  the 
extremity  of  the  jib.  According  to  this  construction,  when- 
ever the  jib  turns  round  its  axis,  the  rope  is  bent  so  as  to 
form  an  angle  more  or  less  acute,  which  causes  a  great  in- 
crease of  friction,  and  produces  a  continual  effort  to  bring 
the  arm  of  the  jib  into  a  parallel  position  to  the  inner  part  of 
the  ropes.  These  inconveniences  may  appear  to  be  trifling, 
but,  in  actual  practice,  they  are  of  no  small  importance ;  for 
they  necessarily  require  a  much  greater  degree  of  power  in 
raising  goods,  and  the  application  of  a  constant  force  to  keep 
the  jib  in  the  position  that  may  be  requisite  ;  while  the  par- 
tial stress  which  is  exerted  on  only  a  few  strands  of  the  rope, 
whilst  bent  into  an  acute  angle,  destrpys  it  in  a  very  short 
time. 

A  simple  construction  of  the  jib,  invented  by  Mr  Bramah, 
obviates  all  these  defects,  and  at  the  same  time  possesses  the 
very  desirable  property  of  permitting  the  jib,  of  what  is  termed 
a  wharf  or  landing  crane,  to  revolve  wholly  round  its  axis, 
and  to  land  goods  at  any  point  of  the  circle  described  by  the 
arm  of  the  jib. 


Digitized  by 


Google 


AND  MACHINIST.  201 

The  simplest  fbrni  of  this  contriTance  is  shown  in  fig.  343,  in  which  A  A 
represents  the  jib  of  a  warehouse>crane  projecting  from  a  wall.  It  has,  as 
usual,  a  pulley  at  the  extremity,  from  which  the  g^ods  are  suspended.  The 
improvement  consists  in  placing  a  pulley  at  S,  to  conduct  the  rope  down 
through  the  axis  of  motion  of  the  jib,  the  collars  or  ring^  a  a,  on  which  it 
swings,  being  perforated  for  the  purpose.  The  rope  afterwards  passes  un- 
der a  pulley  b,  which  conducts  it  into  the  house  to  the  crane  or  machine 
by  which  the  weight  is  elevated.  The  pulley  b  may  be  placed  between 
the  collars  a  a,  and  then  there  will  be  no  necessity  for  a  perforation  of  the 
lower  pivot  of  the  jib.  When  the  jib  is  required  to  describe  a  complete 
circle,  instead  of  the  two  brackets  at  a  a,  fixed  to  the  wall,  a  cast-iron  pil- 
lar is  used  to  support  the  iib,  the  collars  a  a  fitting  upon  it;  the  pillar  is 
hollow,  to  admit  the  rope  tnrough  it,  and  is  firmly  fixed  in  a  vertical  posi- 
tion, by  a  plate  cast  on  the  lower  end  of  it,  and  screwed  down  on  the  tim- 
ber of  the  wharf.  Beneath  these  beams  there  is  another  pulley,  in  place 
of  6,  to  conduct  the  rope  to  the  crane. 

Fig.  344  represents  a  crane  mounted  on  four  trucks,  to  be  capable  of  re- 
movid  from  place  to  place.  It  was  employed  on  Ramsgate-pier,  for  lifting 
stones  used  m  the  building,  and  is  extremely  well  adapted  for  such  a  situ- 
ation, as  it  requires  no  fixture,  and  will  take  up  a  weight  of  four  tons  with 
four  men,  which  is  sufficient  power  for  such  purposes.  It  was  designed  and 
executed  by  Ifr  Peter  Kier,  by  order  of  the  trustees  for  the  management  of 
the  harbour  at  Ramsgate.  Its  base  consists  of  a  cast-iron  frame  marked  A  B, 
nine  feet  seven  inches  square,  and  two  tons  weight,  supported  on  four  cast- 
iron  wheels  b  6,  one  pair  of  which  is  fixed  on  a  common  axle,  which  moves 
round  on  a  centre  fixed  to  one  side  of  the  frame.  This  axle  has  an  arm  pro- 
jecting across  beneath  the  frame  to  the  opposite  side^  where  a  rack,  or  seg- 
ment of  a  wheel,  is  fixed  on  it,  as  shown  at  e^  engaging  a  pinion  r,  shown 
before  the  rack,  on  the  top  of  whose  axis  a  winch  is  appliea  at  d.  Now,  by 
turning  this  pinion,  it  twists  the  wheels  round  upon  the  centre,  to  steer  the 
crane  when  moving  from  place  to  place.  ▲  vertical  cast-iron  shaft  marked 
D  F,  weighing  33  cwt.  is  erected  on  the  centre  of  the  iron  frame,  and  is 
supported  by  oak  braces  E  £,  stepped  into  boxes  cast  out  of  the  iron  frame 
A  B,  at  its  angles,  so  as  to  form  a  very  strong  perpendicular  column,  round 
wtuch  axis  the  whole  crane  traverses.  The  weight  of  the  framing  and 
wheel-work  is  supported  by  a  steel  pivot,  or  gudgeon,  on  the  top  of  the 
shaft  F,  and  is  glided  by  a  collar  embracing  the  sluit  at  I.  The  framing  of 
the  jib,  or  movalsle  part  of  the  crane,  consists  of  a  long  beam  G  H,  bearing 
tiie  pulley  G  at  the  extremity,  resting  on  the  pivot  of  the  upright  pillar  in 
the  middle,  and  the  other  end  supporting  the  frame  for  the  wheel-work  L 
If  N;  into  this  beam  are  framed  two  uprights  Q  Q,  suspending  the  platform 
I  K,  on  which  men  who  work  the  crane  stand.  It  is  braced  by  a  diag;^nal 
stay  J  P{  and  a  cross  piece  R,  to  prevent  its  bending. 

Mr  Bramah's  ingenious  hydrostatic  principle  of  gaining 
a  great  power  is  applicable  in  several  ways  to  the  raising  of 
heavy  weights,  and  has  been  frequently  employed  in  powerful 
cranes.  In  these  the  power  is  not  obtained  by  wheel-work, 
poUies,  or  any  other  ordinary  mechanical  powers,  but  on  the 
principle  of  the  experiment  called  the  hydrostatic  paradox, 
which  has  been  known  for  ages ;  but  the  application  of  its 
powers  to  useful  purposes  is  due  to  Mr  Bramah. 

The  simplest  form  is,  for  a  machine  to  raise  a  heavy  weight 
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to  a  small  height.  A  metallic  cylinder,  sufficiently  strong, 
and  bored  Uuly  cylindrical  within,  has  a  solid  piston  fitted 
into  it,  which  is  made  perfectly  water-tight,  by  leather  pack- 
ing round  its  edge,  or  other  means  used  in  hydraulic  engioea. 
The  bottom  of  the  cylinder  must  be  made  sufficiently  strong 
with  the  other  parts  of  the  surface,  to  resist  the  greatest 
strain  which  can  ever  be  applied  to  it.  In  the  bottom  of  the 
cylinder  is  inserted  the  end  of  the  small  tube,  the  aperture  of 
which  communicates  with  the  inside  of  the  cylinder,  and 
introduces  water  or  fluids  into  it ;  the  other  end  of  the  pipe 
communicates  with  a  small  forcing-pump,  by  which  the 
water  can  be  injected  into  the  cylinder  beneath  its  piston  ; 
the  pump  has  of  course  valves  to  prevent  the  return  of  the 
water.  Now,  suppose  the  diameter  of  the  cylinder  to  be  six 
inches,  and  the  diameter  of  the  piston  of  the  small  pump,  or 
injector,  only  one-quarter  of  an  inch;  the  proportions  between 
the  two  surfaces  or  ends  of  the  said  pistons  will  be  as  the 
squares  of  their  diameters,  which  are  as  1  to  24 ;  therefore  the 
areas  will  be  as  1  to  576 ;  and  supposing  the  intermediate 
space  between  them  to  be  filled  with  water,  or  any  other 
dense  and  imcompressible  fluid,  any  force  applied  to  the  small 
piston  will  operate  on  the  other  in  the  above  proportion  of 
1  to  676.  Suppose  the  small  piston,  or  injector,  to  be  forced 
down,  when  in  the  act  of  forcing  or  injecting,  with  a  weight 
of  20  cwt.  which  can  easily  be  done  by  means  of  a  long 
lever,  the  piston  of  the  great  cylinder  would  then  be  moved 
up  with  a  force  equal  to  1  ton  multiplied  by  576. 

Fig.  343  represents  a  crane  constructed  upon  the  hydro- 
statical  principle,  that  is,  by  the  injection  of  water  from  a 
small  pump  into  a  large  cylinder,  which  is  fitted  with  a  piston, 
having  a  rack  attached  to  it  for  the  purpose  of  turning  a  pinion 
upon  the  axis  of  a  large  drum-wheel  or  barrel,  round  which 
the  rope  is  coiled,  and  from  thence  passes  to  the  jib. 

The  figure  A  A  represents  the  jib,  made  of  iron,  and  supported  upon  two 
brackets  a  a,  projecting  from  the  wall  of  the  warehouse  in  which  the  crane  b 
supposed  to  be  erected.  The  rope  passes  over  the  pulley  S,  and  down 
through  holes  in  the  brackets  a  a,  then  turns  under  the  pulley  6,  and  comes 
to  the  lower  side  of  the  great  drum-wheel  B.  The  pinion  C  is  fixed  on  the 
same  axis  with  this,  and  its  gudgeons  turn  in  small  iron  frames  d^  bolteddown 
to  the  floor  of  the  warehouse.  The  pinion  C  is  actuated  by  the  teeth  of  the 
rack  D,  and  a  small  roUer,  whose  pivot  is  shown  at  e,  presses  against  the 
back  of  the  rack,  to  keep  its  teeth  up  to  the  pinion.  The  rack  is  attached 
to  the  piston  D  of  the  cylinder  I^  in  which  the  power  for  working  the  crane 
is  obtained.  The  piston  passes  through  a  tight  collar  of  leather  on  the  top 
of  the  cylinder  at  B,  which  does  not  admit  of  any  leakage  by  the  side  of  it, 
and  therefore  if  any  water  is  forced  into  the  cylinder  it  must  protrude  the 
piston  from  it.  The  cylinder  is  supported  in  a  wooden  fi'ame  F  F,  and  has  a 
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small  copper  pipe  g  g,  proceeding  from  the  lower  end  of  it,  communicating 
with  a  small  forcing-pum^  at  hf  this  stands  in  an  iron  cistern  H,  which  con- 
tains the  water,  and  sustains  the  standard  1 1,  for  the  centre  of  the  handle 
Gy  with  which  the  pump  is  worked  by  one  or  two  men.  llie  upper  extre- 
mity of  the  standaid  i  i  guides  the  piston  rod  of  the  pump,  to  confine  it  to 
a  vertical  motion;  /  is  a  weight  for  counterbalancing  the  handle  G  of  the 
pump.  From  what  we  have  said  before,  the  operation  of  this  machine  is 
evident;  the  power  of  the  cylinder  D  is  in  proportion  to  its  size  compared 
with  the  size  of  the  pump;  but  as  it  only  acts  through  short  limits,  the  pinion 
and  drum  B  are  necessary  to  raise  the  weight  a  sufficient  height.  The  ope- 
ration of  lowering  goods  by  this  crane  is  extremely  nmple,  as  it  is  only  ne- 
cesaaiy  to  open  a  cock  at  m,  which  suffers  the  water  to  escape  from  the 
cylinder  into  the  cistern  H,  and  the  weight  descends,  but  under  the  most 
perfect  command  of  the  person  who  reg^ulates  the  opening  of  the  cock;  for 
by  diminbhing  the  aperture,  he  can  increase  the  resistance  at  pleasure,  or 
stop  it  aho^mer. 

Fig.  345  IS  a  side  elevation  of  a  crane.  The  post  is  immovable,  and  is 
fixed  on  an  iron  frame,  with  arms  extending  in  the  form  of  a  cross,  the 
extremities  of  which  are  bolted  down  by  strong  screws  to  large  blocks  of 
stone  sufficiently  heavy  to  more  than  counterpoise  the  weight  to  be  raised  by 
the  crane.  In  the  top  of  the  post  is  fixed  a  wrought-iron  pivot,  by  which 
the  weight  is  supported;  and  a  strong  cast-iron  cap  bears  on  the  pivot,  and 
has  attached  to  it  two  iron  frames,  one  on  each  side,  that  receive  the  pres- 
sure from  the  stay,  as  well  as  support  the  pull  of  the  jib,  which  is  formed 
of  two  ban  of  wrought-iron;  the  lateral  pressure  is  borne  by  the  bottom  of 
the  pos^  round  which  two  friction-rollers  turn  to  fiu:ilitate  its  motion.  Ttus 
crane  wifl  carry  five  tons  with  safety. 
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PRESSES. 

The  press  is  a  machine  in  nnost  extensive  use  in  the  me- 
chanic  arts.  It  is  usually  made  of  wood,  or  iron,  and  senres 
to  squeeze  or  compress  any  body  very  close. 

Screw-presses  generally  consist  of  six  members,  or  pieces; 
viz.  two  flat  smooth  tables  of  wood  or  metal,  between  which 
the  substance  to  be  pressed  is  placed ;  two  screws,  or  worms, 
fastened  to  the  lower  plank,  and  passing  through  two  holes  in 
the  upper ;  and  two  nuts,  in  form  of  an  S,  serving  to  drive 
the  upper  plank,  which  is  movable,  against  the  lower,  which 
is  stable  and  without  motion. 

Presses  used  for  expressing  liquors,  are  of  various  kinds ; 
some,  in  most  respects,  the  same  as  the  common  presses,  ex- 
cepting that  the  under  plank  is  perforated  with  a  great  num- 
ber of  holes,  to  let  the  juice  run  through  into  a  tub  or  re- 
ceiver underneath. 

1.  An  improved  cider-press^  turned  by  a  windlass,  is  shown 
in  fig.  284. 

A  A  is  the  base  or  foundation  with  its  supporting  parts;  B  B  the  cheeks  or 
sisters;  D  D  the  cross-piece  at  top,  through  which  the  screw  passes,  and 
which  consequently  contains  the  female  screw;  E  the  screw  with  its  appen- 
dages; F  F  the  bridge  or  cross-piece  which  acts  on  the  pommage;  G  G  is 
the  wide  plank  or  vat  on  which  the  pulp  rests  in  the  hair  bags,  in  which 
the  mode  of  the  liquor's  passing  off  is  seen. 

This  kind  of  press  may  be  advantageously  employed  for  packing  doth, 
paper,  and  other  goods;  as  also  in  paper-mills,  for  flattening  and  rendering 
paper  solid,  and  in  the  manufacture  of  woolen  cloth,  for  g^ing  and  setting 
a  nnish  upon  the  article  in  its  last  stage. 

2.  Two  elevations  of  a  very  good  screw-press  for  a  paper- 
mill  are  given  in  figs.  285  and  286. 

A  A  is  the  bed  formed  of  an  immense  beam  of  oak;  and  each  of  the 
cheeks,  B,  consists  of  a  long  iron  bar,  6  6,  fig.  286,  the  ends  of  which  are 
welded  together,  so  that  it  forms  a  long  sink,  one  end  of  which  receives 
the  end  of  the  bed  A,  and  the  other  the  end  of  a  massive  cast-iron  bar  D, 
through  which  the  screw  £  is  received,  and  its  nut  fixed  hxlt  therein.  The 
open  spaces  of  the  long  links  or  cheeks,  6,  6,  are  filled  up  by  rails  of  wood 
C,  which  support  the  weight  of  parts  of  the  press  when  it  is  not  in  action^ 
but  these  beat  nothing  when  the  press  has  any  articles  under  pressure  in  it; 
these  articles  are  lidd  at  H,  on  the  bed,  and  the  follower,  G,  ii  pressed 
upon  them  by  the  screw,  when  it  is  turned  by  a  long  lever  put  through  the 
holes  in  the  screw-head  F. 

The  screws  employed  for  paper-presses  are  generally  formed  with  such 
coarse  threads,  and  so  rapid  a  spiral,  that  the  elasticity  of  the  paper  is  suffi- 
cient to  force  it  to  run  back.  To  these  a  ratchet. wheel,  a,  is  fixed,  and  a 
click  e,  fig.  287,  is  applied  to  its  teetli:  to  prevent  its  return,  the  click  is 
supported  on  a  bar  b  a,  which  moves  on  a  centre  at  B,  but  the  other  end  is 
retained  by  a  catch  or  lever  fg.     When  the  press  b  to  be  relieved,  the 
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•ndft  of  the  catch,  is  driven  back;  tlus  relieves  the  bar  d  b,  and  the  click 
no  longer  detaining  the  ratchet-wheel*  the  screw  runs  back. 

3.  A  very  ingenious  and  uaeM  packing-press  has  been  in- 
vented by  Mr  John  Peek.    It  is  represented  in  fig.  288. 

A  Ay  the  frame  of  the  press;  B  B,  the  large  screws,  which,  in  this  press, 
contrary  to  those  in  common  use,  is  fixed  and  immortUsle;  C  a  circular  iron 
bar,  extending  beyond  the  sides  of  the  press,  and  having  thereon  two  worms, 
or  endless  screws  £  £,  which  work  in  two  toothed  wheels  fixed  to  the  nuts, 
and,  by  turning  the  winch  D,  drive  the  nuts  and  bed  up  and  down  the  screws 
as  may  be  found  necessaiy;  F,  a  stag^,  suspended  firom  the  bed,  and  on  which 
the  men  stand  who  work  the  press ;  such  a  stage  may,  if  found  necessary, 
be  fixed  at  the  other  end  of  the  bar,  as  shown  by  the  square  shoulder  G. 
The  bed  of  this  press  must  be  formed  of  two  pieces  of  strong  wood,  which 
are  held  together  by  screws  and  nuts,  passed  through  them,  as  shoMrn  at 
hhhh.  The  great  utility  of  this  press  consists  in  its  being  capable  of 
packing  two  sets  of  bales  at  once ;  thus  answering  the  purpose  of  two 
presses,  with  more  expedition. 

4.  The  hydrostatic  Of  water-press j  or  as  it  is  sometimes  call- 
ed Bramah's  Press^  has,  for  a  great  number  of  purposes, 
superseded  the  use  of  the  screw-press,  over  which  it  possesses 
great  advantages,  in  all  cases  where  a  strong  pressure  is  re- 
quired. It  is  one  among  the  many  useful  inventions  of  the 
late  Mr  Joseph  Bramah,  of  Piccadilly;  and  is  ingeniously 
contrived  for  applying  the  quaqua  versum  pressure  of  fluids 
as  a  powerful  agent  in  many  kinds  of  machinery. 

These  contrivances  consist  in  the  application  of  water,  or 
other  dense  fluids,  to  various  engines,  so  as,  in  some  instances, 
to  cause  them  to  act  with  immense  force  ;  in  others,  to  com- 
municate the  motion  and  powers  of  one  part  of  a  machine  to 
some  other  part  of  the  same  machine  ;  and,  lastly,  to  commu- 
nicate the  motion  and  force  of  one  machine  to  another,  where 
their  local  situations  preclude  the  application  of  all  other 
methods  of  connection. 

The  first  and  most  material  part  of  this  invention  wiU  be  clearly  under- 
stood by  an  inspection  of  fig.  289,  where  A  is  a  cylinder  of  iron,  or  other 
materials,  sufficiently  strong,  and  bored  perfectly  smooth  and  cylindrical ; 
into  which  is  fitted  the  piston  B,  which  must  be  made  perfectly  water-tight, 
by  leather  or  other  materials,  as  used  in  pump-making.  The  bottom  of  the 
cylinder  must  also  be  made  sufficiently  strong  with  the  other  part  of  the 
surface,  to  be  capable  of  reabting  the  greatest  force  or  strain  that  may  at 
anytime  be  required.  In  the  bottom  of  the  cylinder  is  inserted  the  end 
of  the  tube  C;  the  aperture  of  which  communicates  with  the  inude  of  the 
cylinder,  under  the  piston  B,  where  it  is  shut  with  the  small  valve  D,  the 
same  as  the  suction-pipe  of  a  common  pump.  The  other  end  of  the  tube 
C  communions  wiUi  the  small  forcing-pump  or  injector  £,  by  means  of 
which  water  or  other  dense  fluids  can  be  forced  or  injected  into  the  cylin- 
der A,  under  the  piston  B.  Now,  suppose  the  diameter  of  the  cylinder  A  be 
22  inches,  and  the  diameter  of  the  piston  of  the  smaU  pump  or  injector  E 
only  one  quarter  of  an  inch,  the  proportion  between  the  two  surges  or  ends 
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of  the  said  jMston  will  be  as  1  to  2304;  and  suppoang  the  intemediate 
space  l>etween  them  to  be  filled  with  water  or  oUier  dense  fluid  capable  of 
sufficient  resistance,  the  force  of  one  piston  will  act  on  the  other  just  in  the 
aboye  proportion,  viz.  as  1  is  to  2304.  Suppose  the  small  piston  in  the  in* 
jector  to  be  forced  down  when  in  the  act  of  pumping  or  injecting  water  into 
the  cylinder  A,  with  the  power  of  20  cwt.  which  could  easily  be  done  by  the 
leyer  H;  the  piston  B  would  then  be  moved  up  with  afbrce  equal  to  20  cvt. 
multiplied  by  2304. 

Thus  is  constructed  a  hjrdro-mechanical  engine,  whereby  a  weight 
amounting  to  2304  tons  can  be  raised  by  a  ample  lever,  thnnigh  equal 
space,  in  much  less  time  than  could  be  done  by  any  i4>paratus  constructed 
on  the  known  principles  of  mechanics ;  and  it  may  be  proper  to  observe, 
ths.t  the  effect  of  all  other  mechanical  combinations  is  counteracted  by 
an  accumulated  complication  of  parts,  which  renders  them  incapable  <k 
being  usefully  extended  beyond  a  certain  deg^e ;  but  in  machines  acted 
upon  or  constructed  on  this  principle  every  difficult  of  this  kind  is 
obviated;  and  their  power  subject  to  no  finite  restraint.  To  prove  this, 
it  will  be  only  necessary  to  remark,  that  the  force  of  any  machine  acting 
upon  this  principle  can  be  increased  ad  infinitum^  eidier  by  extending  the 
proportion  between  the  diameter  of  the  cylinder  A,  or  by  applying  greater 
power  to  the  lever  H. 

Fig.  290  represents  the  section  of  an  engine,  by  which  very  wonderiiil 
effects  may  be  produced  instantaneouly  by  means  of  compressed  ur.  A  A 
is  a  cylinder  with  the  piston  B  fitting  air-tight,  in  the  same  manner  as 
described  in  fig.  289.  C  is  a  globular  vessel  nutde  of  copper,  iron,  or  other 
strong  materials,  capable  of  resisting  immense  force,  similar  to  those  of  air- 
guns;  D  b  astrong  tube  of  small  bore,  in  which  is  the  stop-cock  E.  One  of 
the  ends  of  this  tube  communicates  with  the  cylinder  undtf  the  piston  B, 
and  the  other  with  the  globe  C.  Now,  suppose  the  cylinder  A  to  be  the 
same  diameter  as  that  in  fig.  289,  and  the  tube  D  equal  to  one-quarter  of  an 
inch  diameter,  which  is  the  same  as  the  injector,  fig.  289;  then,  suppose  that 
air  is  injected  into  the  globe  C,  (by  the  common  method,)  till  it  presses 
against  the  cock  E  with  a  fore  equal  to  20  cwt.  which  can  eaaly  be  done; 
the  consequence  will  be,  that  when  the  cock  E  b  opened,  the  piston  B  will 
be  moved  in  the  cylinder  A  A  with  a  power  of  force  equal  to  2304  tons;  and 
it  it  obvious,  as  in  the  case  fig.  289,  that  any  other  unlimited  degree  of  force 
may  be  acquired  by  machines  or  engines  thus  constructed. 

Fig  291  IS  a  section,  merely  to  show  how  the  power  and  motion  of  one  ma^ 
chine  may,  by  means  of  fluids,  be  transferred  or  communicated  to  another, 
let  their  distance  and  local  situation  be  what  they  nuy.  A  and  B  are  two 
small  tubes,  smooth  and  cylindrical,  in  the  inside  ot  each  of  which  b  apiston, 
made  water  and  air  tigh^  as  in  figs.  288  and  289.  C  C  b  a  tube  conveyed 
under  (pround,  or  otherwise,  from  the  bottom  of  one  cylinder  to  the  other,  to 
form  a  communication  between  them,  notwithstanding  their  distance  be 
never  so  great,  thb  tube  being  filled  with  water  or  other  fluid,  until  it  touch 
the  bottom  of  the  piston;  then,  by  depressing  the  piston  A,  the  piston  B  will 
be  raised.  The  same  effect  \rill  be  produced  vice  vend ,-  thus  beUs  may  be 
rung,  wheeb  turned,  or  other  machinery  put  invisibly  in  motion,  by  a  power 
being  applied  to  either. 

Fig.  292  is  a  section  showing  another  instance  of  communicating  the 
action  and  force  of  one  machine  to  another;  and  how  water  may  be  raised 
out  of  welb  of  any  depth,  and  at  any  distance  from  the  place  where  the 
operating  power  is  applied*  A  is  a  cylinder  of  any  required  dimensions, 
in  which  is  the  working  piston  B,  as  in  the  foregoing  examples;  into  the 
bottom  of  this  cylinder  is  inserted  the  tube  C,  which  may  be  of  less  bore 
than  the  cylinder  A.    This  tube  b  continued,  in  any  required  direction. 
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down  to  tlie  pomp  cylinder  D,  supposed  to  be  fixed  in  the  deep  well  £  £» 
and  fonns  a  junction  therewith  aboye  the  piston  F;  which  piston  has  a  rod  G, 
working  throo^  the  stuffing-box,  as  is  umial  in  the  common  pump.  To  this 
rod  G  is  connected,  over  a  piUley  or  otherwise,  a  weight  H,  sufficient  to  oyer- 
balance  the  weight  of  water  in  the  tube  C,  and  to  raise  the  piston  F,  when 
the  piston  B  is  lifted;  thus,  suppose  the  piston  B  is  drawn  up  by  its  rod,  there 
will  be  a  vacuum  made  in  the  pump  cylinder  D,  below  tne  piston  F;  the 
vacuum  will  be  filled  with  water  through  the  suction-pipe,  by  the  pressure 
of  the  atmosphere,  as  in  all  pumps  fixed  in  air.  The  return  of  the  piston  B, 
by  being  pressed  downwards  in  the  cylinder  A,  will  make  a  stroke  of  the 
piston  in  the  pump  cylinder  D,  which  may  be  repeated  in  the  usual  way  by 
the  motion  of  the  piston  B,  and  the  action  of  the  water  in  the  tube  C*  The 
rod  G  of  the  piston  F,  and  the  weight  H,  are  not  necessary  in  wells  of  a 
depth  where  the  atmosphere  will  overbalance  the  water  in  the  suction  of 
the  pump  cylinder  D,  and  that  in  the  tube  C.  The  small  tube  and  cock  in 
the  cistern  I,  are  for  the  purpose  of  charging  the  tube  C. 

By  these  means  it  is  obvious  that  the  most  commodious 
macbioes,  of  prodigious  power,  and  susceptible  of  the  greatest 
•trength,  may  readily  be  formed.  If  the  same  multiplication 
of  power  be  attempted  by  toothed  wheels,  pinions,  and  racks, 
it  is  scarcely  possible  to  give  strength  enough  to  the  teeth  of 
the  racks,  and  the  machine  becomes  very  cumbersome  and  of 
great  expense.  But  Mr  Bramah's  machine  may  be  made  to 
possess  great  strength  in  very  small  compass.  It  only  requires 
very  accurate  execution.  Mr  Bramah,  however,  was  greatly 
mistakea  when  he  published  it  as  the  discovery  of  a  new 
mechanic  power.  The  principle  on  which  it  depends  has 
been  well  known  for  nearly  two  centuries;  and  it  is  matter 
of  surprise  that  it  has  never  before  been  applied  to  any  use* 
fill  practical  purpose. 

5.  The  Stanhope  prtnting-press  is  delineated  in  figs.  293 
and  294,  being  elevations,  and  fig  295,  a  plan. 

A  A  is  a  massive  fimne  of  cast-iron  formed  in  one  piece;  this  is  the  body  of 
the  press,  in  the  upper  part  of  which  a  nut  is  fixed  for  the  reception  oi  the 
screw  bf  and  its  point  operates  upon  the  upper  end  of  a  slider  d,  which  is 
fitted  into  a  dove-tail  groove  formed  between  two  vertical  bars  e  c,  of  the 
frame.  The  slider  has  the  platen  D  D  firmly  attached  to  the  lower  end  of  it; 
and  being  accurately  fitted  between  the  guides  ee,  the  platen  must  xise  and 
fidl  paraUel  to  itself  when  the  screw  b  is  turned.  Tlie  weight  of  the  platen 
and  the  ahder  are  counterbalanced  by  a  heavy  weight  E,  behind  the  presa^ 
which  is  suspended  fix)m  the  lever  F,  and  this  acts  upon  the  slider  to  lift  it 
up,  and  keep  it  always  bearing  agsunst  the  point  of  the  screw. 

At  G  are  two  projecting  pieces,  cast  all  in  one  with  the  main  fimne,  to 
support  the  carriage  when  the  pull  is  made;  to  these  the  rails  H  are 
screwed,  and  placed  truly  horizontal,  for  the  carriage  I  to  run  upon  them^ 
when  it  is  carried  under  the  press  to  receive  the  impression,  or  drawn  out 
to  remove  the  printed  sheet.  The  carriage  is  moved  by  the  rounce  or 
handle  K,  with  a  spit  and  leather  flirts  very  similar  to  the  wooden  press. 
Upon  the  spit  or  axle,  a  wheel,  L,  is  fixed,  and  round  this  leather  belts  are 
passed,  one  extending  to  the  back  of  the  carriage  to  draw  it  in,  and  two 
others,  which  pass  round  the  wheel  in  an  opponte  direction,  to  dtvw  H  out 
2  N 
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By  this  means,  when  the  handle  is  turned  one  way  it  draws  out  the  car- 
riage, and  by  reversing  the  motion  it  is  carried  in.  There  is  likewise  a 
check  strap  ?,  from  the  wheel  down  to  the  wooden  base  M,  of  the  frames, 
ai^d  this  limits  the  motion  of  the  wheel,  and  consequently  the  ezcuruon  of 
the  carriage. 

The  principal  improvement  of  Earl  Stanhope's  press  con- 
sists in  the  manner  of  giving  motion  to  the  screw,  bj  of  it, 
which  is  not  done  simply  by  a  bar  or  lever  attached  to  the 
screw,  but  by  a  second  lever  e,  g  ;  the  screw,  6,  has  a  short 
lever,  g,  fixed  upon  the  upper  end  of  it,  and  this  communi- 
cates by  an  iron  bar,  or  link.  A,  to  another  lever,  i,  of  rather 
shorter  radius,  which  is  fixed  upon  the  upper  end  of  the 
second  spindle  I,  and  to  this  the  bar  or  handle,  ft,  is  fixed. 
Now  when  the  workman  pulls  this  handle,  he  turns  round 
the  spindle  (,  and  by  the  connection  of  the  rod,  &,  the  screw,  6, 
turns  with  it,  and  causes  the  platen  to  descend  and  produce 
the  pressure.  But  it  is  not  simply  this  alone,  for  the  power 
of  the  lever,  ft,  is  transmitted  to  the  screw,  in  a  ratio  propor- 
tioned to  the  effect  required  at  the  difierent  parts  of  the  pull; 
thus  at  first,  when  the  pressman  takes  the  bar  K,  it  lies  in  a 
direction  parallel  to  the  frame,  or  across  the  press,  and  the 
short  lever  i,  (being  nearly  perpendicular  thereto,^  is  also 
nearly  at  right  angles  to  the  connecting  rod  A;  buttne  lever, 
g^  of  the  screw,  makes  a  considerable  angle  with  the  rod, 
which  therefore  acts  upon  a  shorter  radius  to  turn  the  screw ; 
because  the  real  power  exerted  by  any  action  upon  a  lever, 
is  not  to  be  considered  as  acting  with  the  full  length  of  the 
lever  between  its  centres,  but  with  the  distance  in  a  perpen- 
dicular drawn  line,  in  which  the  action  is  applied  to  the 
centre  of  the  lever.  Therefore  when  the  pressman  first  takes 
the  handle  K,  the  lever  t  acts  with  its  full  length  upon  a 
shorter  length  of  leverage,  g,  on  the  screw,  which  wiU  con- 
sequently be  turned  more  rapidly  than  if  the  bar  itself  was 
attached  to  it ;  but  on  continuing  the  pull,  the  situation  of 
the  levers  change,  that  of  the  screw,  g,  continually  increasing 
its  acting  length,  because  it  comes  nearer  to  a  perpendicular 
with  the  connecting  rod,  and  at  the  same  time  the  lever  i, 
diminishing  its  acting  length,  because,  by  the  obliquity  of 
the  lever,  the  rod,  A,  approaches  the  centre,  and  the  perpen- 
dicular distance  diminishes  ;  the  bar  or  handle  also  comes  to 
a  more  favourable  position  for  the  man  to  pull,  because  he 
draws  nearly  at  right  angles  to  its  length. 

All  these  causes  combined  have  thebesteffect  in  producing 
an  immense  pressure,  without  loss  of  time;  because  in  the 
first  instanoe  the  lever  acts  with  an  increased  motion  upon 
the  screw,  and  brings  the  platen  down  very  quickly  upon  the 
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paper,  but  by  that  time  the  levers  have  assumed  such  a 
position  as  to  exert  a  more  powerful  action  upon  each  other, 
and  this  action  continues  to  increase  as  the  bar  is  drawn 
forwards,  until  the  lever,  i,and  the  connecting  rod  are  brought 
nearly  into  a  straight  line,  and  then  the  power  is  immensely 
great,  and  capable  of  producing  any  requisite  pressure  which 
the  parts  of  the  press  will  sustain  without  yielding.    The 
handle  is  sometimes  made  to  come  to  rest  against  a  stop, 
which  prevents  it  moving  further,  and  therefore  regulates  the 
degree  of  pressure  given  upon  the  work :  but  to  give  the 
means  of  increasing  or  diminishing  this  pressure,  for  different 
kinds  of  work,  the  stop  is  made  movable  to  a  small  extent. 
A  better  plan  is  adopted  by  some  makers  of  the  Stanhope 
press,  viz.  to  have  a  screw  adjustment  at  the  end  of  the 
connecting  rod  A,  by  which  it  can  be  shortened ;  it  is  done  by 
fitting  the  centre  pin  which  unites  it  to  the  lever  g^  in  a 
bearing  piece,  which  slides  in  a  groove  formed  in  the  rod, 
and  is  regulated  by  the  screw.    This  shortening  of  the  con- 
necting rod  produces  a  greater  or  less  descent  of  the  platen, 
when  the  handle  is  brought  to  the  stop. 

The  carrii^  of  the  press  b  represented  with  wheels,  m  m,  beneath,  to 
take  off  the  friction  of  moving  upon  the  ribs  H.  These  wheels  are  shown 
at  fig.  296,  which  is  a  section  of  the  screw  and  the  platen,  with  the  cairiage 
beneath  it;  and  fig.  297  is  a  plan  answering  to  it  Fig.  298  is  a  figure  of 
a  carriage  inverted  to  show  the  wheels;  then  axles  n  are  fitted  to  springs/?, 
and  these  are  adjustable  by  means  of  screws  r,  so  that  the  carriage  wUl  be 
borne  up  to  any  required  height  This  is  so  reg^ulated,  that  when  the  car- 
riage is  run  into  the  press,  its  lower  surface  shall  bear  lightly  upon  the  solid 
cheeks  G,  which  are  part  of  the  body  of  the  press,  and  these  support  it  when 
the  pressure  is  applied,  the  same  as  the  winter  of  the  old  press;  but  the 
wheels  by  their  springs  act  to  bear  up  great  part  of  the  carriage  with  the 
tvpes  upon  it,  and  diminish  the  friction,  yet  do  not  destroy  the  contact  of 
the  cairiage  upon  the  ribs,  because  this  would  not  g^ve  the  carriage  that 
solidity  of  bearing  which  is  requisite  for  resisting  the  pull.  This  is  only  at 
the  time  when  the  carriage  b  run  into  the  press;  because  as  it  runs  out,  the 
ribs  on  which  the  wheels  run  rise  higher,  and  therefore  the  wheels  support 
the  whole  weight 

The  manner  in  which  the  wheels  run  in  rebates  or  recesses  in  the  edg^es 
of  the  ribs,  is  shown  at  fig.  294.  The  carriage  is  made  of  cast-iron,  in  the 
form  of  a  box,  with  sevenu  cross  partitions,  which  are  all  cast  in  one  piece, 
jnd  though  made  of  thin  metal,  are  execeedingly  strong;  the  upper  surface 
IS  made  truly  flat,  by  turning  it  in  a  lathe.  The  same  of  the  platen,  which 
is  likewise  a  shallow  box;  the  slider  d  has  a  plate  formed  on  the  lower  end 
of  it,  which  is  fixed  by  four  screws  upon  the  top  of  the  platen,  and  thus  they 
are  united. 

At  the  four  angles  of  the  carriage,  pieces  of  iron,  r,  fig.  297,  are  screwed 
on,  to  form  bearings  for  the  quoins  or  wedges  which  are  driven  in  to  fiisten 
^e  form  of  ^es  upon  it  in  the  true  position  for  printing.  The  tympan  P, 
ug.  293,  is  attached  to  the  carriage  by  hinges,  with  an  iron  bracket  or  stop 
to  catch  it  when  it  b  thrown  back;  the  frisket,  R,  is  joined  to  the  tympan, 
^d  when  opened  out,  rests  against  a  frame  suspended  from  the  ceiling.  The 
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iron  fnmep  A,  of  tiie  press  is  screwed  down  upon  the  wooden  base  If,  by 
bolts»  wluch  pass  throu^  feet, »,  projecting  from  the  lower  parts  of  tiie  iron 
frame.  Another  wooden  beam  is  fixed  into  the  former  at  right  angles,  so  as 
to  form  a  cross,  which  lies  upon  the  floor.  The  ribs  H,  for  the  carriage  to 
run  upon,  are  supported  from  the  wooden  base  by  an  iron  bracket  T. 

The  advantages  of  the  iroD  presses  in  working  are  Tery 
considerable,  both  in  saving  labour  and  time.  The  first  arises 
from  the  beautiful  contrivance  of  the  levers,  the  power  of  the 
press  being  almost  incalculable  at  the  moment  of  producing 
the  impression;  and  this  is  not  attended  with  a  correspondent 
loss  of  time,  as  is  the  case  in  all  other  mechanical  powers, 
because  the  power  is  only  exerted  at  the  moment  of  pres- 
sure, being  before  adapted  to  bring  down  the  platen  as 
quickly  as  possible.  This  great  power  of  the  press  admits  of 
a  saving  of  time,  by  printing  the  whole  sheet  of  paper  at  one 
pull,  the  platen  being  made  sufficiently  large  for  that  par- 
pose  ;  whereas,  in  the  press  formerly  used,  the  platen  is  only 
half  of  the  size  of  the  sheet.  In  the  Stanhope  press,  the 
whole  surface  is  printed  at  once,  with  far  less  power  upon 
the  handle  than  the  old  press,  when  printing  but  half  the 
surface.  This  arises  not  only  from  the  levers,  but  from  the 
iron  framing  of  the  press,  which  will  not  admit  of  any  yield- 
ing, as  the  wood  always  yields,  and  indeed  is  intended  to  do, 
the  head  being  often  packed  up  with  elastic  substances,  such 
as  pasteboard,  or  even  cork.  In  this  case  much  power  is  lost, 
for  in  an  elastic  press  the  pressure  is  gained  by  screwing  or 
straining  the  parts  up  to  a  certain  degree  of  tension,  and  the 
effort  to  return  produces  the  pressure.  Now,  in  this  case, 
the  handle  will  make  a  considerable  effort  to  return,  which, 
though  it  is  in  reality  giving  back  to  the  workman  a  portion 
of  the  power  he  exerted  on  the  press,  is  only  an  additional 
labour,  as  it  obliges  him  to  bear  the  strain  a  longer  time  than 
he  otherwise  would. 

The  iron  presses  have  very  little  elasticity,  and  those  who 
use  them  find  it  advantageous  to  diminish  the  thickness  of  the 
blankets  jn  the  tympan  to  one  very  thin  piece  of  fine  cloth ; 
the  lever  has  then  very  little  tendency  to  return,  and  the  pull 
is  easy  in  the  extreme,  requiring  very  little  more  force  to  re- 
move it  at  the  latter  than  at  the  first  part;  indeed,  the  iron 
press  is  so  difierent  from  the  other  press,  that  when  an  expe- 
rienced pressman  first  tries  it,  he  cannot  feel  any  of  that  re- 
action which  he  has  been  accustomed  to,  and  will  not  believe, 
till  be  sees  the  sheet,  that  he  has  produced  any  impression  at 
all;  and  for  many  days  after  he  begins  to  work  at  an  iron 
press,  be  by  habit  throws  back  all  the  weight  of  his  body  in 
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sach  a  manner  as  to  bring  the  handle  up  to  its  stop  with  a 
concussion  that  shakes  his  arm  very  much,  and  in  consequence 
most  pressmen,  after  a  few  hours'  work,  feel  inclined  to  give 
up  the  iron  press;  but  when  they  have  once  acquired  a  new 
habit  of  standing  more  upright,  and  applying  only  as  much 
force  as  it  requires,  the  labour  of  the  pull  becomes  less  than 
that  of  running  the  carriage  in  and  out ;  and  men  who  are 
accustomed  to  the  iron  presses  only,  would  be  scarcely  able 
to  go  through  the  work  of  the  old  press. 

Mr  De  la  Haine  has  a  patent  for  a  Stanhope  press,  which 
answers  extremely  well;  the  only  material  alteration  is,  that 
he  has  substituted  a  spiral  or  curred  inclined  plane  in  place 
of  the  screw,  which  is  fixed  to  the  head  of  the  press;  and  a 
cross-arm  properly  formed,  and  fixed  on  the  upper  end  of  the 
spindle,  which,  standing  in  place  of  the  screw,  acts  against 
the  fixed  inclined  plane.  The  action  is  very  nearly  the  same 
as  the  screw,  except  that  the  surfaces  admit  of  being  made 
of  hardened  steel,  and  thus  diminish^  the  friction  very  much. 
The  inventor  of  this  for  the  common  press  was  Mr  Roworth  ; 
but  Mr  De  la  Haine  has  combined  it  with  the  levers  and  iron 
frame  of  the  Stanhope  press. 

A  common  press,  of  great  simplicity,  and  possessing  the 
same  advantage  in  point  of  power  as  Lord  Stanhope  gains  by 
the  compound  levers,  has  been  produced  by  Mr  Medhurst, 
of  Denmark*street,  Soho. 

6.  In  November  1813,  Mr  John  Ruthven,  of  Edinburgh, 
took  out  a  patent  for  an  improvement  in  the  printing-press, 
which  differs  from  those  heretofore  used  in  the  following 
particulars : 

First,  The  types,  plates,  blocks,  or  other  surfaces  from 
which  the  impression  is  to  be  taken,  instead  of  being  situat* 
ed  upon  a  running  carriage,  as  was  formerly  the  practice,  are 
placed  upon  a  stationary  platform  or  tablet,  which  is  provided 
with  the  usual  apparatus  known  to  printers  by  the  names  of 
tympan  and  frisket,  with  points,  &c.  to  receive  the  sheet  of 
paper  and  convey  it  to  its  proper  situation  on  the  types  after 
they  had  been  inked. 

Secondly,  The  machinery  by  which  the  power  for  the 
pressure  is  produced,  is  situated  immediately  beneath  this 
platform  or  tablet;  and  the  platen  or  surface  which  is  op- 
posed to  the  face  of  the  types,  to  press  the  sheet  of  paper 
against  them,  can  be  brought  over  the  types,  and  connected 
at  two  opposite  sides  or  ends  with  the  machinery  beneath  the 
tablet ;  by  this  machinery  it  is  so  forcibly  pressed  or  drawn 
down  upon  the  paper  which  lays  upon  the  types,  as  to  give 
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the  impression ;  which  being  thus  made,  the  platen  can  be 
disunited  from  the  machinery  and  removed  from  off  th  e  types 
by  the  foot,  or  otherwise,  to  take  out  the  paper,  and  introduce 
a  fresh  sheet. 

Thirdly,  the  said  machinery  for  producing  the  pressure  is 
a  combination  of  levers,  actuated  by  a  crank,  or  short  lever, 
turned  by  a  winch,  or  handle,  to  which  the  pressman  applies 
by  his  hand;  or  the  pressure  may  be  produced  by  the  tread 
of  the  foot. 

Fig.  299  is  a  horizontal  plane  ;  fig.  300,  a  vertical  section 
taken  through  the  middle;  and  fig.  301,  an  end  view  ;  the 
same  letters  of  reference  being  used  in  each. 

A  A  represent  the  tablet  or  surface  upon  which  the  types,  &c.  are  laid,  its 
surface  truly  flat,  and  may  be  made  of  wood,  stone,  or  metal,  or  any  oUier 
substance  used  for  the  carriage  of  printing-presses.  This  tablet  is  mounted 
upon  a  frame  of  wood  or  metal,  consisting  df  leg^  B  B,  and  cross  braces 
C  C,  or  any  other  kind  of  support  may  be  used  which  will  firmly  sustain 
the  tablet  at  a  proper  height  m>m  the  nound.  The  tablet  has  a  tympan, 
8  and  9,  joined  to  it  at  the  end,  9,  in  the  usual  manner,  and  open  into  the 
position  of  the  dotted  lines  10,  to  take  off  or  put  on  the  sheet  of  paper, 
which  is  confined  by  the  frisket,  11,  in  the  usual  manner;  the  dotted  lines, 
12,  represent  the  gpillows  or  support  for  the  tympan  and  fnsket  when 
opened. 

For  fastening  the  types  upon  the  tablet,  or  what  the  printers  call  ma^n^ 
register,  quoins  or  wedges  may  be  introduced  at  the  angles,  in  the  usuau 
manner;  but  a  preferable  method  b  to  have  screws  13,  13,  fitted  through 
pieces  which  are  made  fast  to  the  sides  of  the  tablet,  and  between  the  points 
of  these  screws  the  chase,  or  frame  of  types,  is  held  steady  upon  the  tablet, 
and  may  be  adjusted. 

Beneath  the  tablet  are  the  levers  marked  DE,  D  £,  their  fulcrums,  or  fixed 
centre-pins,  being  at  D,  and  they  act  upon  double  hooks  or  clutch^  F  F. 
When  the  ends  £  are  depressed  by  means  of  the  third  lever  I G,  situated 
beneath  and  common  to  both,  the  connection  being  made  with  the  link  a^ 
the  fulcrum  of  the  lever  is  at  G;  and  H  is  a  third  point  to  which  the  power 
to  actuate  it  is  applied  by  a  connecting  rod  K,  the  opposite  end  of  whidi  is 
joined  to  a  crank  or  short  lever  L  M,  situated  upon  an  axis  or  spindle  L» 
which  extends  to  the  fix>nt  of  the  machine,  and  has  a  winch  or  handle  N,  fig. 
299,  upon  it,  for  the  pressman  to  turn  it  by. 

The  platen  of  the  press  is  shown  at  O  O;  it  may  be  made  of  wood  or  iron, 
as  usual,  but  must  be  exactly  true  on  the  lower  surfiice,  which  applies  to 
the  face  of  the  types  b  b,  upon  the  tablet  A  A.  On  the  top  of  the  platen 
is  a  strong  metal  bar  F,  which  may  be  either  cast  in  one  piece  with  it,  or 
united  to  it  by  screws  at  rr;  at  its  extremities  it  has  bolts  dd,  fixed  to  it 
by  screws  or  otherwise;  and  at  their  lower  ends  they  must  have  heads 
which  are  exactly  fitted  to  the  clutches  or  double  hooks  F  F,  before  des- 
cribed. By  means  of  these  the  platen  is  connected  with  the  lever  D  £,  D  E, 
so  that  a  pressure  may  be  produced  when  the  handle  N  is  turned  in  the 
direction  shown  by  the  arrow  in  fig.  300.  This,  by  turning  the  lever  M 
about  upon  its  centre  L,  pushes  the  rod  K,  which  acting  upon  the  point  H 
of  the  lever  G  H 1,  moves  it  upon  its  centre  G,  and  depresses  the  point  I, 
which  being  connected  with  the  extremities  £  of  the  levers  D  £,  by  the 
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link  a,  they  are  made  to  partake  of  its  motion,  and  draw  down  the  platen 
upon  ^e  types  by  the  clutches  F  F,  and  hooks  dd.  By  returning^  the  winch 
N  to  its  original  position,  the  pressure  is  relieved;  and  the  platen  may  be 
removed  from  the  tjrpes  thus: — ^At  the  end  of  the  bai  P,  two  springs,  e  e, 
figs.  299  and  301,  are  fixed,  and  in  the  ends  of  these  rollers  or  wheels, 
marked/,  are  fitted  to  revolve  freely  upon  their  centre-pins.  These  wheels, 
having  g^rooves  in  their  edges,  run  upon  sharp  angles,  formed  upon  the  up- 
per edge  of  the  two  rails  R  R,  which  are  extended  across  the  mime  of  the 
press,  and  project  sufficiently  behind,  as  in  figs.  299  and  301,  being  sup* 
ported  by  brackets^,  of  fig.  301,  if  necessary.  Upon  these  bars  «nd  wheels, 
(or  sliders  may  be  used  instead  of  wheels,)  the  platen  will  run  freely,  to 
remove  it  backwards  and  forwards  off  the  types,  but  when  brought  over 
them  the  bolts  d  d  will  enter  the  clutches  F  F,  ready  to  receive  the  action 
of  the  levers,  and  g^ve  the  pressure  upon  the  tympan. 

The  springs  «  are  so  adjusted,  that  when  the  platen  runs  backwards  or 
forwards  upon  the  rails  R,  the  under  surfiu;e  of  it  will  be  sufficiently  raised 
above  the  tympan  to  run  clear  of  it;  but  when  the  hooks  d  d  and  F  F  are 
united,  and  the  pressure  g^ven  by  turning  the  handle  N,  these  springs  yield, 
though  they  have  sufficient  streng^  to  raise  up  the  platen  clear  of  the 
tympan,  the  instant  the  pressure  is  relieved. 

To  draw  the  platen  forward  over  the  types,  a  handle  h,  is  fixed  upon  it,  for 
the  pressman  to  take  hold  by;  but  it  may  be  brought  by  the  foot  m  the  fol- 
lowing manner:  the  two  foremost  wheels//,  have  finks,  k  k^  jointed  to  their 
centre-pins,  to  connect  them  with  the  upper  ends  of  the  two  long  levers  mm, 
which  are  fixed  to  one  common  axis  n,  fig.  300,  extending  across  the  whole 
machine,  near  the  g^und;  upon  the  axis  a  short  lever,  o,  ^^,  301,  is  fixed, 
and  a  rod  q  unites  it  to  the  end  of  the  bent  lever  r  t,  the  arm  t  of  which  is  made 
broad,  to  serve  as  a  paddle  for  the  foot;  by  depressing  this,  the  arm  r  draws 
the  short  lever  o,  and  the  long  lever  m  m  causes  the  platen  to  advance  truly 
paralld,  and  come  up  to  the  clutches  F  F. 

To  make  all  the  work  compact,  the  centres  D  D  of  the  gpreat  levers,  and 
of  the  lower  lever  G,  as  well  as  the  pivots  L  of  the  winch  N,  are  all  sup- 
ported in  one  frame  composed  of  two  metal  cheeks  S  S,  which  are  situated 
beneath  the  table,  and  united  thereto  by  screws,  or  otherwise,  as  shown 
by  the  dotted  line  in  the  plan,  fig.  299. 

The  power  of  the  press  will  depend  upon  the  proportion  of  the  different 
levers,  and  the  relation  between  the  space  described  by  the  motion  of  the 
huidle  N,  and  the  descent  of  the  platen  O ;  but  it  should  be  observed,  that 
the  power  of  this  press  increases  as  the  handle  descends  to  the  horizontal 
position  shown  in  fig.  300;  first,  because  the  handle  is  then  in  the  most 
nvourable  position  to  receive  the  workman's  body;  secondly,  the  lever L  M 
comes  to  a  position  which  gives  it  a  great  power  to  force  the  rod  K;  vvi.  as 
is  shown  by  the  dotted  line  L  2,  for  when  the  lever  and  rod  come  to  one 
straight  line,  its  power  to  force  the  rod  K  may  be  considered  as  infinitely 
great;  thirdly,  the  lever  G  H  is  in  the  most  &vourable  position,  marked  G  2, 
to  receive  the  action  of  the  rod  K,  viz.  perpendicular  to  it;  fourthly,  the  lever 
G I  is  in  a  position  to  have  greater  power  on  the  links  a  and  the  levers  D  E, 
than  when  it  is  in  a  horizontal  position.  All  these  sources  combined  have 
the  best  effect  in  saving  time,  and  at  the  same  time  producing  immense 
pressure;  for  when  the  pressure  first  takes  hold  of  the  handle  N,  it  acts  but 
with  UtUe  advantage  with  respect  to  power  on  the  levers,  and  therefore 
brings  the  platen  down  very  quickly  upon  the  tympans,  with  littie  loss  of 
time  or  motion,  till  they  have  assumed  positions  in  which  they  exert  more 
powerfid  action  upon  each  other,  as  above  stated:  and  this  action  continues 
to  increase  until  the  lever  L  M  and  rod  K  come  nearly  into  a  line,  when  the 
power  is  immensely  g^reat,  and  capable  of  producing  any  required  pressure. 
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which  the  parti  of  the  press  will  withstand  without  yieldiiig.  ThehaadleN 
is  made  to  come  to  a  stop»  or  rest,  which  preventsits  moving*  farther  than  the 
position  of  the  dotted  Imes,  and  therefore  regulates  the  degree  of  pressnie 
given  upon  the  work.  But  to  give  the  means  of  increasing  or  diminishing 
the  pressure  at  pleasure  for  difierent  kinds  of  work,  the  centre  hole  of  the 
pin  H  is  made  in  a  piece,  which  is  fitted  in  a  groove  in  the  rod  K;  therefore 
by  sliding  it  in  the  groove,  it  has  the  same  effect  of  lengthening  the  rod, 
which  produces  a  greater  descent  of  the  pUten  when  the  handle  is  brou^t 
to  a  stop(  a  screw,  «^  is  fitted  into  the  end  of  the  groove,  to  screw  me 
paddng  tight  in  the  groove,  and  prevent  it  getting  loose  in  work^ig. 

Ano&er  method  of  producing  the  same  effect  is  to  adjust  the  nuts  which 
are  fitted  on  the  screws  at  the  top  of  the  bolts  d  df  or  it  may  be  done  bj 
loosening  the  screws  at  r,  and  fitting  packing  between  the  fitting  of  the 
platen  and  the  bar  P;  the  same  may  be  done  to  adjust  the  platen  paraUd, 
if  it  prints  more  at  one  part  than  another. 

Springs  may  be  applied  to  take  off  all  shake  or  looseness  in  the  joints; 
it  may  be  done  in  different  ways:  a  strong^  spring  may  be  fixed  beneath  the 
tablet,  and  act  upon  the  clutch  F,  to  lift  it  up,  and  keep  the  joint  tight;  or 
one  small  spring  may  be  fixed  on  the  lever  D  E,  (as  shown  on  the  opposite 
nde,)  to  lift  the  clutch  F,  and  another  being  fixed  to  the  lever  beneath,  and 
resting  at  the  end  upon  a  pin  in  the  frame,  will  lift  up  the  lever  and  link  a, 
to  keep  th«n  all  tight  for  working.  If  it  be  thought  objectionable  for  the  rod 
K  to  push  endways  on  the  levers,  it  may  be  contrived  to  draw  or  pull»  by 
placing  the  lever  H  above  the  spindle  L,  instead  of  beneath  it,  uid  also 
reversing  the  form  of  the  lever  G  H I ;  the  i>oints  G  and  H  to  remain  as  the j 
are,  but  the  pcunt  I  to  be  on  the  opposite  side  of  the  centre,  viz.  above  i^ 
and  with  this  alteration  the  drawing  of  the  rod  K  will  produce  the  pressure. 
insteMi  of  pushing  it,  as  in  the  figure. 

Fig.  303  shows  another  arrangement  of  the  lever  for  a  press.  In  this 
figure  the  same  letters  are  used  to  denote  the  same  parts;  thus:  A  is  the 
tSbleXj  D  E  the  levers,  F  the  clutches,  O  the  platen,  P  the  crosa4>ar;  the  ends 
E  of  ^e  levers  are  connected  by  a  link  a,  with  a  third  lever  T  W,  whose 
centre  or  fulcnun  is  at  V;  the  power  is  applied  to  the  long  end  by  a  diain  /, 
which  is  conducted  over  a  pulley  or  roller  v,  and  wound  upon  a  wheel  to, 
which  is  fixed  upon  the  axle  of  the  handle  to  woik  the  press.  To  give 
greater  power,  the  wheel  may  be  formed  like  a  spiral,  instead  of  circular, 
thatt  the  chain  mi^  lay  upon  a  shorter  radius  when  the  pressure  is  produced. 

From  the  firtt  invention  of  printing,  till  within  a  very  few 
years,  the  printing  press  remained  unchanged  ;  and  it  is  tmly 
surprising,  that  so  long  a  period  as  four  centuries  should 
have  rolled  away,  without  a  single  improvement  in  so  im- 
portant a  machine. 

The  printing  press  of  Lord  Stanhope,  ingenious  and 
beautiful  as  it  is,  should  rather  be  considered  as  an  ion- 
provement  than  as  an  invention.  This  press  being  made  of 
cast  iron,  having  the  surfaces  of  the  table  and  platen  turned 
true,  and  a  compound  lever  added  to  the  screw,  is  more 
solid  and  compact,  and  produces  a  better  impression,  with 
less  manual  exertion,  than  the  common  wooden  press,  with 
a  stone  table  and  wooden  platen;  but  still  the  parts  are  the 
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s,  and  the  only  difierence  consists  in  producing  better 
workmanship  with  better  materials. 

No  improvement  of  importance  was  therefore  made'^till 
after  the  year  1790,  when  Mr  William  Nicholson,  the  editor 
of  the  Philosophical  Magazine,  obtained  a  patent  for  a  ma- 
chine, for  printing  on  paper^  linens  cottony  woollen^  and 
other  articles,  in  a  more  neat,  cheap,  and  accurate  method^ 
than  by  the  printing  presses  then  in  use. 

This  method  consisted,  first',  in  making  his  moulds, 
punches,  and  matrices,  for  casting  letters,  in  the  same  man- 
ner, and  with  the  same  materials,  as  other  letter-founders, 
with  the  exception  that,  instead  of  leaving  a  space  in  the 
mould  for  the  stem  of  one  letter  only,  he  left  spaces  for  two, 
three,  or  more  letters,  to  be  cast  at  one  pourinff  of  the  me- 
tal ;  and  at  the  lower  extremity  of  each  of  those  spaces 
(which  communicate  by  a  common  groove  or  top)  he  placed 
a  matrix,  or  piece  of  copper,  with  the  letter  punched  upon 
its  face  in  the  usual  way.  He  then  brought  the  stems  of 
his  letters  to  a  due  form  and  finish,  not  only  by  rubbins  it 
upon  a  stone,  and  scraping  it  when  arranged  in  the  finish- 
ing-stick,  but  likewise  by  scraping  it,  on  one  or  more  sides, 
in  a  finishing-stick  whose  hollowed  part  was  less  deep  at 
the  inner  than  the  outer  side.  That  side  of  the  groove 
which  was  nearest  th^  face  of  the  disposed  letter,  he  called 
the  outer  side;  and  the  purpose  accomplished  by  this 
method  of  scraping  was,  that  of  rendering  the  tail  of  the 
letter  gradually  smaller  the  more  remote  it  was,  or  farther 
fitmi  the  face.  Such  letters  as  these  could  be  firmly  im- 
posed upon  a  cylindrical  surface,  in  the  same  manner  as 
common  letters  are  imposed  upon  a  flat  stone. 

Secondly,  he  applied  the  ink,  or  colouring  matter  to  the 
types,  forms,  or  plates,  by  causing  the  surface  of  a  cylinder, 
smeared  or  wetted  with  the  colouring  matter,  to  roll  over 
the  surfaces  of  the  said  forms  or  plates ;  or  by  causing  the 
forms  or  plates  to  apply  themselves  successively  to  the  sur- 
face of  the  cylinder.  The  surface  of  this  colouring  cylinder 
was  covered  with  leather,  or  with  linen,  woollen,  or  cotton 
cloth.  When  the  colour  to  be  used  was  thin,  as  in  calico- 
printing,  he  proposed  that  the  covering  should  be  supported 
by  a  firm  elastic  stufiing,  consisting  of  hair,  or  wool,  or 
woollen-cloth,  wrapped  one  or  more  folds  round  the  cylin- 
der. When  the  covering  was  of  woollen-cloth,  it  was  to  be 
defended  by  leather,  or  oil-skin,  to  prevent  its  imbibing  too 
much  colour,  and  by  that  means  losing  its  elasticity.  It 
2  O 


Digitized  by 


Google 


306  THE  OPERATIVE  MECHANIC 

was  absolutely  necessary  that  the  colouring  matter  shoald 
be  evenly  distributed  over  the  surface  of  the  cylinder ;  and 
for  this  purpose,  when  the  colour  was  thick  and  stiff,  as  in 
letter-press  printing,  he  applied  two,  three,  or  more  small 
cylinders,  called  distributing  rollers,  longitudinally  against 
the  colouring  cylinders,  so  that  they  might  be  turned  by  the 
motion  of  the  latter.  The  effect  of  this  application  was, 
that  every  lump  or  mass  of  colour  which  was  redundant, 
or  irregularly  placed  upon  the  face  of  the  colouring  cylinder, 
was  pressed,  spread,  and  partly  taken  up  and  carried  by  the 
small  rollers  to  the  other  parts  of  the  colouring  cylinder ; 
thereby  preserving  an  even  face  of  colour.  When  the 
colouring  matter  was  thinner,  he  did  not  apply  more  than 
one  or  two  of  these  distributing  rollers ;  and  when  very 
thin,  he  applied  an  even  blunt-edge  of  metal,  or  wood,  or  a 
straight  brush,  or  both  of  these  last  against  the  colouring 
cylinder,  for  the  purpose  of  rendering  its  colour  uniform. 
When  he  applied  colour  to  an  engraved  plate,  or  cylinder, 
or  through  the  interstices  of  a  perforated  pattern,  as  in  the 
manufacturing  of  some  kinds  of  paper-hangings,  he  used  a 
cylinder  entirely  covered  with  hair  or  bristles  in  the  manner 
of  a  brush. 

And  thirdly,  he  performed  all  his  impressions,  even  in  let- 
ter-press printing,  by  the  action  of  a  cylinder  or  cylindrical 
surface. 

Though  Mr  Nicholson  did  not  carry  his  ideas  into  suc- 
cessful practice,  he  may  deservedly  be  considered  the 
fathepof  modern  improvements  in  this  important  art.  With 
him  originated  the  idea  of  inking  types  by  means  of  rol- 
lers, and  of  producing  impressions  by  means  of  cylinders, 
which  constitute  the  essential  parts  of  all  modern  printing 
machines. 

The  honour  of  being  the  first  to  carry  these  ideas  inta 
successful  practice  is  due  to  Mr  Koenig,  by  birth  a  Saxon, 
who,  after  various  attempts  to  improve  the  common  press, 
and  which  resulted,  to  use  his  own  words,  "  in  discovering 
that  they  were  only  employing  a  horse  to  do  what  had  been 
before  done  by  a  man,"  succeeded  in  producing  a  machine 
in  which  the  impression  is  given  by  a  cylinder.  This  ma- 
chine was  erected  at  the  oflSce  of  the  Times  newspaper,  and 
two  on  a  similar  principle  were  erected  at  Mr  Bensley's 
printing  office,  and  although  some  publications  have  stated 
that  the  latter  were  destroyed  by  fire,  in  1819,  they  con- 
tinue to  be  worked  at  the  present  day.  These  errors  may 
have  arisen  from  the  great  difference  in  the  appearance  of 
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the  machine  now,  and  when  first  erected.  This  is  owing 
to  a  reduction  of  the  complexity  of  the  inking  apparatus, 
by  .Messrs  Applegath  and  Cowper,  who  have  produced 
a  machine  far  superior  to  that  by  Mr  Koenig,  and  which 
possesses  nothing  in  common  with  it,  but  the  pressing- 
cylinders,  the  inking-rollers,  and  the  tapes  to  hold  the  sheet 
of  paper  on  the  cylinders.  The  pressing-cylinders  and  ink- 
ing-^rollers  were  first  suggested  by  Mr  Nicholson ;  and 
tapes  are  similarly  used  in  machines  for  the  ruling  of  paper 
for  account-books.  These  gentlemen,  therefore,  though 
producing  their  machine  subsequently  to  Mr  Koenig,  cannot, 
with  justice,  be  accused  of  having  in  thje  slightest  degree 
infringed  upon  his  invention.  Mr  Koenig's  machine  pos- 
sessed originally  sixty  wheels ;  Messrs  Applegath's  and 
Cowper'fi  but  sixteen;  and  the  machines  of  the  former  are 
now  almost  entirely  superseded,  even  in  the  office  of  Mr 
Bensley,  the  princip*^  proprietor  of  Koenig's  patent,  by  the 
improved  machines  of  Applegath  and  Cowper. 

A  perspective  view  of  Messrs  Applegath  and  Cowper's 
machine  is  represented  by  fig.  303,  and  a  longitudinal  sec- 
tio%  to  explain  the  manner  in  which  the  paper  passes 
through  to  receive  the  impression  upon  both  sides,  and  the 
mode  of  applying  the  ink  to  the  surface  of  the  types  by  fig. 
304*  Though  in  these  figures,  all  the  material  motions  of 
the  machine  are  displayed,  yet  some  of  the  minute  parts, 
which  produce  the  various  movements,  have  been  omitted, 
in  consequence  of  the  diminutive  scale  of  the  figures,  which 
is  only  about  one-third  of  ian  inch  to  a  foot. 

The  supply  of  the  blank  paper  is  laid  upon  a  support,  or 
table,  A,  from  whence  the  sheets  are  taken,  one  by  one, 
by  a  boy,  standing  upon  an  elevated  platform,  who  lays  them 
out  upon  the  table,  B,  which  has  a  number  of  narrow  linen 
tapes  or  girths  passing  across  its  surface.  These  tapes  are 
forpied  into  endless  bands,  which  extend  round  the  cylin- 
ders, or  rollers,  C  and  D,  in  such  a  manner,  that  when  the 
rollers  are  turned  round,  the  motion  of  the  tapes  will  carry 
the  sheet  of  paper  along  with  them,  and  deliver  it  over  the 
roller  E,  where  it  is  seized  between  two  systems  of  endless 
tapes,  passing  over  a  series  of  rollers  to  keep  them  extended. 
These  endless  tapes  are  so  adapted,  in  number  and  position, 
as  to  fall  between  the  pages  of  printing,  and  also  on  the  out- 
sides,  or  beyond  the  margin  of  the  printing ;  they  may, 
therefore,  remain  in  contact  with  the  sheet  of  paper  on  both 
sides  during  its  whole  passage  through  the  machine ;  by 
which  means,  the  paper  being  once  received  or  taken  in 
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between  the  two  systems  of  endless  tapes,  it  will  be  cepaUe 
of  continuing  its  motion  along  with  the  tapes,  in  order  to 
bring  it  into  a  situation  to  be  printed  on  both  sides,  with- 
out destroying  the  register  (or  coincidence  of  the  pages  on 
the  opposite  side  of  the  sheet.)  F  and  G  represent  the  two 
main  cylinders  which  effect  the  pressure  upon  the  paper. 
They  are  mounted  upon  strong  ozes,  which  turn  in  station- 
ary bearings  affixed  to  the  main  frame  of  the  machine.  H 
and  I  are  two  intermediate  cylinders,  situated  upon  axes  be- 
tween the  main  cylinders.  Their  use  is  to  eflect  the  inver- 
sion of  the  sheet  of  paper,  in  order  to  print  the  opposite 
side. 

We  must  now  describe  the  manner  in  which  the  two  sys- 
tems of  endless  tapes  before  mentioned  are  arranged,  to 
give  a  clear  idea  of  the  operation  of  the  machine.  We  will 
suppose  one  system  of  tapes  to  commence  at  the  upper  part 
of  the  roller  E,  from  whence  they  proceed  in  contact  with 
the  under  portion  of  the  circumference  of  the  main  cylinder 
F ;  they  then  pass  over  the  upper  part  of  the  intermediate 
cylinder  H,  and  under  the  intermediate  cylinder  I,  from 
whence  they  proceed  to  encompass  a  considerable  portion 
of  the  main  cylinder  G ;  and  by  passing  in  contact  with 
the  rollers  a,  6,  c,  d,  and  e,  they  arrive  again  at  the  roller  E, 
from  whence  they  commenced,  thereby  forming  one  of  the 
systems  of  endless  tapes.  The  other  system  we  will  sup- 
pose to  commence  at  the  roller  h.  They  are  equal  in  their 
number  to  the  tapes  already  described,  and  correspond 
with  them  also  in  their  plade  upon  ibe  cylinders,  so  that 
the  sheets  of  paper  may  be  securely  held  between  them. 
The  second  tapes  descend  from  the  roller  h  to  the  roUer  E, 
vrhere  they  meet  and  coincide  with  the  first  system,  in  such 
IEi  manner  that  the  tapes  proceed  together  under  the  main 
cylinder  F,  over  the  cylinder  H,  under  the  cylinder  I,  and 
round  the  main  cylinder  G,  until  they  arrive  at  the  roller  f, 
where  they  separate;  having  remained  thus  far  in  actual 
contact,  except  at  the  places  where  the  sheets  of  paper  are 
held  between  them.  From  the  roller  f,  the  paper  descends 
to  the  roller  k,  and  by  passing  in  contact  with  the  rollers 
m,  n,  and  o,  they  arrive  at  the  roller  A,  from  whence  they 
commenced.  Thus  the  two  systems  of  the  endless  tapes 
are  established  and  arranged  so  as  to  be  capable  of  circulat- 
ing continually,  without  interfering  with  each  other. 

The  cylinders,  P,  G,  H,  and  I,  as  also  the  roller  E,  are 
connected  by  toothed  wheels,  as  represented  in  the  perspec- 
tive view,  fig.  303,  so  as  to  cause  their  circumferences  to 
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more  with  one  nnifbrro  velocity,  and  thereby  prevent  any 
sliding  or  shifting  of  the  two  systems  of  tapes  over  each 
other  daring  their  motion,  as  much  of  the  perfection  of  the 
printing  depends  upon  this  circumstance.  The  separate  forms 
of  types  for  printing  the  two  sides  of  the  sheet  are  placed  at 
a  certain  distance  asunder,  upon  one  long  carriage,  which  w 
represented  in  a  detached  state  at  fig.  305.  This  carriage, 
with  the  forms  of  type  secured  upon  it,  is  adapted  to  move 
backwards  and  forwards  upon  steady  guides  or  supports  at* 
tached  to  the  main  frame  of  the  machine,  in  such  a  position 
that  the  surface  of  the  types  may  be  operated  upon  by  the 
circumference  of  their  respective  cylinders  F  and  G,  to  pro- 
duce the  impression  as  the  carriage  moves  backwards  and 
forwards.  This  reciprocating  movement  of  the  carriage  is 
effected  by  a  pinion  fixed  upon  the  end  of  a  verticle  spindle 
K,  fig.  304,  engaging  in  the  teeth  of  an  endless  rack,  L  L, 
which  is  connected  by  a  system  of  levers  with  the  type  car- 
riage, in  such  manner  that  when  the  pinion  is  turned  round, 
it  engages  as  alternate  periods  in  the  teeth  formed  upon  the 
opposite  sides  of  the  rack  L  L,  and,  consequently,  on  the  op- 
posite circumference  of  the  pinion ;  thereby  a  continuous 
motion  of  the  pinion  communicates  a  reciprocating  motion  to 
the  r^ck  and  carriage.  The  vertical  spindle  K  is  .turned  by 
a  pair  of  bevelled  wheels  from  the  pinion  P,  fig.  303,  which 
receives  its  motion  by  an  intermediate  wheel,  Q,  from  the 
toothed  wheel  upon  the  end  of  the  main  cylinder  6. 

The  mechanism  for  furnishing  and  distributing  the  ink 
upon  the  surfaces  of  the  types  in  this  machine,  is  very  inge- 
niously arranged,  and  performs  its  bperations  wrth  great 
certainty.  It  is  one  of  the  most  important  points,  and  the 
most  difficult  to  effect  in  printing  machines.  Two  similar 
and  complete  systems  of  inking  apparatus,  one  situated  at 
each  end  of  the  machine,  are  adapted  to  ink  their  respective 
forms  of  types;  we  will  therefore  describe,  by  references  to 
fig.  304,  the  inking  apparatus  situated  at  the  right  hand  end 
of  the  machine,  ft  consists  of  a  cylindrical  metal  roller,  N, 
which  has  a  slow  rotatory  motion  communicated  to  it  by  a 
catgut  band  passing  round  a  small  pulley,  upon  the  end  of 
the  axis  of  the  main  cylinder,  G.  The  roller,  N,  is  adapted 
to  carry  down  a  thin  film  of  ink  upon  its  circumference,  by 
turning  in  contact  with  a  mass  of  ink  disposed  upon  a  ho- 
rizontal plate  of  metal,  the  edge  of  which  plate  is  ground 
straight,  and  fixed  by  screws,  r,  r,  at  a  small  adjustable  dis- 
tance from  the  surface  of  the  said  roller.  V  represents  an 
elastic  composition  roller,  which  is  mounted  upon  a  frame 
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turning  in  an  axis,  p,  extending  across  the  niain  frame  of 
the  machine.  This  roller  is  connected  by  cranked-levers, 
with  a  small  eccentric  circle  fixed  upon  the  end  of  the  azjs 
of  the  cylinder  G,  ^as  seen  in  fig.  303),  which  causes  it  to 
move  round  the  axis,  p,  and  remain  for  a  short  period  in 
contact  with  the  surface  of  the  ipk  roller  N,  (as  seen  by  the 
position  at  the  left  hand  end  of  the  machine,  fig.  304),  there- 
by receiving  a  portion  of  ink  upon  its  surface;  it  then 
descends  and  rests  with  its  whole  weight  upon  the  surface 
of  a  flat  metal  plate  or  table,  T,  which  is  afiixed  to  the  type 
carriage,  as  seen  in  fig.  305;  so  that  the  reciprocating  motion 
of  the  carriage  causes  the  ink- table,  T,  to  receive  ink  upon 
its  surface  from  the  elastic  roller  V.  In  this  situation,  when 
the  type  carriage  returns,  the  surface  of  the  table  T  is  obliged 
to  pass  under  three  small  elastic  rollers  seen  at  R,  which  are 
mounted  upon  pivots  in  a  frame,  with  liberty  of  motion  up 
and  down,  in  order  that  the  rollers  may  bear  with  their 
weight  upon  the  surface  of  the  table. 

The  frame  in  which  they  are  centred  has  also  a  slight 
end  motion  given  to  it  by  the  inclined  form  of  the  end  of 
the  table  T  (as  seen  in  fig.  305),  bearing  against  a  roller  fixed 
upon  the  said  frame.  Thus  the  small  composition  roller  R, 
operates  in  a  very  complete  manner  to  equalize  the  supply 
of  ink  over  the  surface  of  the  table  T,  and  by  the  farther 
motion  of  the  type  carriage,  the  ink-table  is  caused  to  pass 
under  four  small  elastic  rollers  (seen  at  S),  which,  in  like 
manner,  bear  with  their  weight  upon  the  surface  of  the 
table  (but  without  end  motion),  and  thereby  take  up  the 
ink  upen  their  circumferences.  The  type  carriage  then  re- 
turns, for  the  table  T  to  receive  a  new  supply  of  ink,  and 
by  the  form  of  types  passing  under  the  elastic  rollers,  S,  the 
letters  become  inked  in  a  very  perfect  and  uniform  manner. 
Whilst  the  operation  of  inking  the  types  is  going  on  at  one 
end  of  the  machine,  the  printing  is  performed  at  the  other 
end  on  one  of  the  sides  of  the  •  sheet  from  the  types  last 
inked,  and  vice  versa.  The  type  carriage  is  caused  to  move 
steadily  along  with  the  circumferences  of  the  cylinders  F 
and  G,  by  having  racks,  y  j/,  formed  on  each  side  of  the 
forms  of  types  (as  seen  in  fig.  304),  which  engage  with  sec- 
tors, or  portions  of  toothed  wheels,  x  x  upon  the  ends  of 
the  said  cylinders ;  at  which  part  the  surfaces  pf  the  cylin- 
ders are  covered  with  a  blanket  or  felt,  to  give  elasticity,  and 
cause  them  to  press  equally  upon  the  paper,  as  in  ordinary 
printing  presses. 

The  machine  is  put  in  motion  by  a  strap,  y  y,  passing 
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round  a  pulley,  X,  as  seen  in  fig.  303,  upon  the  axis  of  which 
a  pulley  or  pinion  is  fixed,  engaging  with  the  teeth  of  the 
large  wheel  upon  the  end  of  the  main  cylinder  G.  Thus 
the  Tarious  cylinders,  with  their  two  systems  of  tapes,  are 
caused  to  revolve  with  a  uniform  movement  in  the  direction 
of  the  arrows  "(seen  in  fig.  304),  whilst  the  type-carriage 
travels  alternately  backwards  and  forwards  upon  its  guides, 
as  before  mentioned. 

The  operation  of  printing  is  performed  as  follows : — 
The  sheets  of  blank  paper  are  laid,  one  by  one,  upon  the 
table  B,  so  as  to  bear  upon  the  linen  tapes  which  extend 
over  its  surface.  In  this  situation,  the  rollers  C  and  D  are 
caused  to  move  a  portion  of  a  revolution,  by  the  operation 
of  a  lever  fixed  upon  the  axis  of  the  rbller  D,  being  acted 
Bpon  by^  another  lever  fixed  on  the  cog-wheel  of  the  main 
cylinder,  F.  This  motion  advances  the  sheet  of  paper  suf- 
ficiently to  enable  it  to  be  seized  between  the  two  systems  - 
of  endless  tapes  at  the  point  where  they  meet  each  other,  or 
between  the  rollers  h  and  E.  As  soon  as  the  sheet  of  paper 
16  carried  clear  ofi*  the  table  B,  the  rollers  C  and  D  are 
caused  to  turn  back  again  t6  their  original  position,  by  the 
operation  of  a  weight,  W,  and  a' cord,  tc;,  as^een  in  fig.  304, 
ready  to  advance  a  second  sheet  of  blank  paper  intp  the  ma- 
chine. The  sheet  of  paper  is  carried  along  between  the 
system  of  tapes,  and  applies  itself  to  the  circumference  of 
the  main  cylinder,  F,  upon  the  blanket  before  mentioned  ; 
and  by  the  continuous  motion  of  the  cylinder,  the  sheet  of 
paper  is  pressed  upon  the  surface  of  the  form  of  types  as  they 
pass  under  the  cylinder  by  the  reciprocating  motion*  of  the 
carriage. 

By  this  means,  one  of  the  sides  of  the  sheet  receives  its 
impression  at  the  same  time  that  the  form  of  types  situated 
at  the  opposite  end  of  the  carriage  is  receiving  the  ink,  as 
before  described.  Now,  by  the  continuous  motion  of  the 
machine,  the  sheet  of  paper  advances  in  company  with  the 
endless  tapes,  round  the  intermediate  cylinders,  H  and  I, 
until  it  applies  itself  to  the  blanket  upon  the  surface  of  the 
main  cylinder  6 ;  at  which  place  it  will  be  found  in  an  in- 
verted position,  so  that  the  printed  side  of  the  sheet  is  in 
contact  with  the  blanket,  and  the  blank  side  of  the  sheet 
downwards,  which,  upon  meeting  with  the  other  form  of  types 
at  the  proper  instant,  is  pressed  upon  their  surface  sufficiently 
to  produce  the  impression.  Thus  having  arrived  at  the 
point  i,  where  the  two  systems  of  tapes  separate,  the  print- 
ed sheet  is  delivered  upon  the  board  Z,  where  it  is  received 
by  a  boy,  and  laid  upon  the  pile. 
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Engravings  of  thi^  machine  have  appeared  in  sevend 
periodical  publications,  and  in  the  Supplenient  to  the  Ency- 
clopaedia Britannica,  in  all  of  which  it  is  called  '^  Bensley'a 
Printing  Machine."  This  is  a  mistake,  as  Applegath  and 
Cowper  are  the  original  inventors  and  patentees  of  the  iden- 
tical machine  from  which  those  engravings  were  made.  It 
must  have  been  merely  from  the  circumstance  of  its  being 
in  Mr  Bensley's  office  that  his  name  has  been  erroneously 
affixed  to  it. 

With  these  machines  are  now  printed,  the  Morning 
Chronicle,  English  Chronicle,  St  James's  Chronicle,  White- 
hall ^Evening  Post,  Morning  Herald,  Examiner,  Sunday 
Times,  Bell's  Messenger,  and  John  Bull  newspapers.  The 
machine  by  which  the  Morning  Herald  is  printed  throws  off 
3400  newspapers  per  hour,  printed  on  one  side;  which  is 
the  customary  way  of  printing  newspapers,  in  order  to  al- 
low time  for  tlie  other  half  of  tlie  paper  to  be  composed. 

[VEBTICAL    PBINTING-FBESS,    INVENTED  BT  DANIEL  NEALL,   OF 
PHILADELPHIA. 

8.  From  an  examination  of  this  press,  we  shall  at  once  per- 
ceive its  conformation  and  construction  to  be  altogether  new. 
While  in  operation,  so  regular  and  impulsive  ace  its  move- 
ments, that  a  spectator  would  readily  conclude  it  to  be  auto- 
matical. The  motion  of  the  bed  and  type,  which  are  easily 
elevated  by  the  hand  of  the  operator,  gives  motion  to  the 
whole  establishment.  The  press  seems  to  be  performing  its 
various  parts  by  a  kind  of  instinct,  while  the  operator,  abridged 
of  his  labour,  and  nearly  superseded  in  his  office,  has  but  lit- 
tle left  him  to  perform.  In  this  point  of  view  it  may  very 
properly  be  considered  a  labour-saving  machine,  and  the  ad- 
vantages resulting  from  this  fact  are  too  obvious  to  escape 
the  notice  of  an  observer. 

The  art  of  printing,  although  affording  abundant  advan- 
tages to  the  world  as  the  conservator  of  all  other  arts,  has 
been  unaccountably  neglected,  and  has  not  until  recently  re- 
ceived that  attention  from  scientific  and  literary  genius  which 
its  merits  undoubtedly  claim.  Printers  themselves,  though 
of  all  others  more  immediately  concerned  in  the  facility  of 
improvements,  have  been  contented  to  drudge  on  in  the  ela- 
borate minutisB  of  their  profession,  and  the  bulk  of  mankind, 
accustomed  to  printed  books  from  their  childhood,  have 
grown  up  in  the  belief  that  an  art  so  perfect  in  its  adaptation 
and  effects  cannot  admit  of  improvement. 

But  we  have  now  to  exhibit  a  press,  (see  plate  40*,)  upon 
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a  principle  entirely  different  from  .all  others.  This  press  is 
the  invention  of  Daniel  Neall,  an  ingenious  mechanic  of  Phi- 
ladelphia,  and  is  secured  to  the  inventor  by  letters  patent  of 
the  United  States,  in  November  1825. 

It  is  called  the  vertical  press  from  its  perpendicular  posi- 
tion while  in  the  act  of  printing,  and  in  contradistinction  to 
the  old  establishments,  which  are  horizontal. 

The  original  plan  adopted  by  the  inventor  at  his  first  setting 
oat  has  been  completely  established.  He  has  applied  the 
power  of  machinery  so  as  to  obviate  the  necessity  oftwo  men 
to  work  one  press,  by  enabling  one  man  or  boy  to  perform 
with  less  exertion  and  fatigue,  equal  to  two  men  upon  any 
other  press  whatever. 

The  vertical  press  differs  in  form  from  all  others.  The  platen  A  is  placed 
perpendicularly  in  a  wooden  frame  B.  The  bed  C  is  hung*  on  an  axle,  and 
is  balaficed  by  weig^hts  corresponding  to  the  weight  of  type.  The  form  is 
secured  on  it  in  the  same  manner  as  on  other  presses.  The  tympan  D  is  at^ 
tached  to  the  platen  instead  of  the  bed.  The  pressure  is  g^ven  by  a  combin- 
ed lerer,  and  the  bar  or  handle  £  is  the  same  as  used  in  other  presses.  The 
ink  is  enclosed  in  a  box  F,  in  which  a  roller  moves;  near  this  are  several 
roUera,  which  receive  and  distribute  the  ink  to  a  large  roller  G,  that  passes 
over  aad  blacks  the  type.  There  is  also  back  of  the  platen  a  fly  H,  which 
removes  the  printed  sheets.  The  bed  and  type  are  not  rolled  under  the 
platen  as  in  other  presses,  but  elevated  by  the  hand  of  the  operator,  de- 
scribing a  quarter  circle,  and  come  against  the  platen  enclosing  the  paper 
to  be  printed  between  them.  The  movement  of  the  bed  fives  motion  to 
the  inking  establishment,  to  the  tympan,  frisket,  and  fly,  afl  which  perform 
at  the  proper  time  their  respective  offices.  The  degree  of  pressure  is 
graduated  by  a  screw,  and  may  be  altered  in  an  instant. 

The  following,  extracted  from  the  schedule  annexed  to  the 
patent,  will  serve  more  particularly  to  illustrate  the  compo- 
nent parts : 

*'  The  platen,  or  flat  surfiu^e against  which  the  paper  b  pressed  in  printing, 
is  made  of  wood  or  metal,  and  flrmly  bolted  in  a  strong  (quadrangular  wood- 
en frame,  in  a  perpendicular  position.  The  bed  or  coffin  m  which  the  type  is 
secured  may  be  orwood  or  metal,  hunc^  on  an  axle  and  balanced  by  weights  at 
the  extreme  end,  adapted  to  the  weight  of  type  which  may  be  using.  There 
are  two  ribs  horizontally  on  the  back  of  the  platen,  the  ends  of  which  pro- 
ject beyond  it,  and  are  perforated  very  near  the  extreme  ends  with  holes 
perpendicularly.  Between  those  ribs  are  placed  two  levers  that  interlock 
m  Ae  centre,  the  outer  ends  of  which  have  a  notch  or  opening  horizontally, 
and  each  perforated  with  two  holes.  The  outer  holes  in  the  levers  next 
the  ends  correspond  with  the  holes  in  the  ribs,  in  which  are  placed  strong 
bolts  that  pass  through  ribs  and  levers,  and  constitute  the  fulcrum  on  which 
the  levers  move.  In  each  of  the  openings  in  the  ends  of  the  levers  is  placed 
a  strong  wrought-iron  arm,  through  which  the  bolt  in  the  inner  hole  of  the 
lever  passes.  Each  of  these  arms  has  a  hook  or  strong  projection  on  the 
ends  tnat  project  forward,  and  a  strong  screw  in  the  other  end  that  operates 
on  the  bolt  already  described,  and  has  the  efiect  of  increasing  or  diminish- 
ing the  impression." 
2  P 
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«  From  each  arm  passes  downwards  and  attached  to  the  wooden  frime 
near  their  centre,  a  nat  rod  of  iron  connected  at  the  lower  end  by  a  joint 
bending  upwards;  which  joint  has  a  treadle  attached  to  it  lying*  horizontally 
across  and  under  the  press  a  httle  raised  from  the  floor."  The  use  of  these 
rods  is  when  the  press  is  at  work  to  close  or  lock  the  arms  on  the  bed,  which 
is  done  by  the  operator  putting  his  foot  on  the  treadle  and  pressingit  to  the 
floor,  which  straightens  the  joints  below,  and  presses  open  the  lower  ends 
of  the  rods,  causing  the  upper  ends  to  lock  the  arms  on  the  bed,  and  being 
so  locked,  the  operator,  by  giving  the  bar  or  handle  a  pull,  makes  tiie  im- 
pression on  the  paper. 

<<  Behind  the  platen,  and  a  little  removed  from  it,  is  placed  the  fly  for  re- 
moying  the  printed  sheets.  This  fly  has  its  bearing  in,  and  is  supported  by  iron 
stays  attached  to  the  upper  rib,  on  the  back  of  the  platen.  The  fly  forms 
three  sides  of  a  square,  and  is  made  of  wrought-iron.  The  lower  bar  lies 
horizontally,  and  is  the  axle  on  which  it  turns,  the  upright  part  being  a 
little  curved  near  the  top,  bending  over  towards  the  platen  and  tympan,  and 
has  attached  to  it  two  nat  rods  of  metal  with  pivots  at  each  end,  on  which 
they  turn.  These  flat  rods  have  attached  to  them  near  their  ends  two  fin- 
gers each;  also  near  their  centres  are  other  small  pieces  of  metal  with  small 
weights  at  their  extreme  ends.  By  the  action  of  the  small  weights  the  fin^ 
gers  are  made  to  lay  hold  on  the  edge  of  the  printed  sheet,  and  by  a  cir* 
cular  motion  of  the  fly,  (which  is  occasioned  by  a  balancing  weight  attach- 
ed to  the  lower  bar,)  lays  it  on  a  shelf  behind  the  platen." 

'*  Across  the  front  end  of  the  wooden  frame,  and  a  little  distant  from  the 
bed  or  coffin,  (when  in  a  horizontal  position,)  is  placed  the  (ink  block  or) 
trough,  made  of  cast-iron,  which  is  filled  with  ink,  and  has  &  cast-iron  roller 
in  it  nicely  fitted  to  a  wrought-iron  scraper  securely  fastened  o;i  thetcp  of 
the  trough,  which,  as  this  roller  turns  in  the  ink,  scrapes  off  all  but  the  quan- 
tity required  to  black  the  type.  This  roller  has  a  stop-wheel  click  and  spring, 
and  is  turned  by  a  weight  wound  up  in  the  operation  of  the  press.  Near  the 
trough,  and  between  it  and  the  bed,  is  placed  a  roller  of  wowi,  in  length  cor- 
responding to  the  width  of  the  press.  It  is  covered  with  leather  oidy;  and 
has  on  the  left-hand  end  a  pinion-wheel.  The  space  between  this  rdler  and 
the  one  in  the  trough  is  occupied  by  two  smaller  rollers;  the  larger  being  of 
wood,  the  other  of  metal.  These  convey  the  ink  from  the  roller  in  the  trough 
to  the  one  covered  with  leather.  Under  this  roller,  and  a  small  distance  from 
it,  is  a  rod  of  iron  extending  across  the  press,  with  the  left  end  projecting 
outside  the  press,  which  end  has  a  larger  pinion-wheel  on  it,  and  drives  the 
one  before  described.  On  the  projecting  end  of  this  rod  is  aroUer  having 
a  stop-wheel,  clicks,  and  springs.  This  roller  has  two  leather  straps  at- 
tached to  it:  on  one  end  of  said  straps  is  a  weight,  on  the  other  a  lever, 
operated  upon  by  the  bar  or  handle,  every  puU  of  which  winds  up  the 
weight,  which  in  its  descent  assists  in  distributing  the  ink,"  &c.  &c 

The  specificatioD  of  the  compoDent  parts,  and  their  imme- 
diate and  relative  connexion  with  others,  is  too  long  to  be 
inserted  here ;  we  shall,  however,  give  an  account  of  the 
mode  of  using  the  vertical  press,  which  will  show  the  sim- 
plicity of  its  operations. 

"  The  operator,  having  distributed  the  ink  on  the  elastic  roller,  and  caused 
it  to  go  over  and  black  the  type,  then  lays  a  sheet  of  paper  on  the  tympan, 
brings  down  with  the  right  hand  the  frisket  which  holds  it  there;  the  left 
hand  is  then  applied  to  a  handle  attached  to  the  edge  of  the  bed,  and  ele- 
vates the  bed  and  type  to  a  perpendicular  position.  The  weights  attached 
to  the  machinery,  (which  drives  tlie  elastic  roller  over  the  type,)  arc  by 
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this  motion  wound  up.  By  the  movement  of  the  bed  and  t3rpe,  the  tympan 
and  pjper  are  brought  flat  against  the  platen.  The  fly  b  also  brought  to 
its  position  for  receiving  the  printed  sheet,  and  simultaneously  wim  the 
^e  striking  the  paper,  the  operator  places  his  foot  on  the  treadle,  causing 
the  arms  to  lock  on  the  bed;  the  right  hand  is  then  applied  to  the  bar  or 
handle,  and  he  gives  the  puU  which  makes  the  impression  and  prints  the 
sheet,  the  same  pull  winds  up  the  weight  to  distribute  the  ink;  the  bar  or 
handle  then  goes  back  to  its  position,  me  foot  is  removed  off  the  treadle, 
the  arms  unlock,  and  the  bed  and  type  return  to  a  horizontal  poution,  and 
in  so  doing  wind  up  a  weight  that  assists  in  distributing  the  ink.  The  elastic 
roller,  during  the  time  the  impression  is  making,  receives  the  ink  for  a  se- 
cond impression,  and  the  instant  the  bed  and  type  come  to  a  horizontal 
position^  it  is  by  the  descent  of  the  weights  driven  over  the  type  and  inks 
them;  at  this  time  also  the  fly  removes  the  printed  sheet." 

Six  of  these  presses  are  now,  and  have  been  for  some  time, 
constantly  employed  in  one  office  in  Philadelphia,  making  a 
saving  to  the  proprietors  of  many  thousand  dollars.  A 
comparative  statement  of  the  disbursements  of  the  vertical 
press  with  one  of  the  horizontal  kind,  would  satisfy  the  most 
mcredulous.  Much  might  be  said  of  the  ingenuity  of  the 
invention  and  the  laudable  zeal  of  the  inventor,  but  is  pre- 
sumed unnecessary,  as  every  candid  spectator  will  be  con- 
vinced of  the  fact  upon  examination.] 


PECHEY'S  MANGLE. 

In  1822,  the  Society  of  Arts  awarded  to  Mr  Elisha  Pechey 
a  silver  medal  and  ten  guineas  for  an  improvement  in  the 
common  mangle.  The  novelty  in  this  mangle  is  the  con- 
trivance for  obtaining  the  alternate  forward  and  backward 
motion  of  the  box,  and  consequently  of  the  rollers,  bjr  con- 
tinually turning  the  winch  in  the  same  direction.  This  way 
of  obtaining  the  alternate  forward  and  backward  motion  may 
frequently  be  advantageously  introduced  in  other  machines; 
we,  therefore,  have  extracted  a  description  of  it  from  that 
Society's  Transactions. 

Fig.  310  is  a  plan  or  view  of  the  upper  side  of  the  mangle. 

Fig.  311  is  an  end  view. 

Fig.  312  is  a  mde  view;  the  bottom  parts  of  the  frame  beine  represented 
IS  broken  off*,  so  as  to  reduce  it  within  the  plate;  but  the  whole  height  is 
seen  in  fig.  311. 

The  same  letters  of  reference  apply  to  the  same  parts  in  eacl^  figure. 

Fig.  313  is  a  section  of  a  double  rack,  a  a,  and  6  6,  together  with  the 
plummer  blocks,  or  g^des,  c  c,  (which  support  and  guide  the  rack,  Or  axis, 
d  d,  fig  313»,)  being  cut  by  a  plane  in  the  direction  of,  and  perpendicuUr 
to,  the  axis. 

Fig.  313*  is  a  similar  section,  ihowing  the  rack  in  another  situation,  as 
wiU  be  hereafter  described. 
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Fl^.  314  is  aView  of  part  of  the  shaft,  d  d,  showing  the  two  jounuds,  t  e, 
which  turn  and  are  supported  in  the  plununer  blocks,  Mid  also  the  pinicm, 
f^  of  three  teeth,  forming  the  middle  part  of  the  shaft  wMch  works  into  the 
racks. 

Fig.  314*  is  a  section  of  the  plummer  blocks  cut  in  the  direction  of  the 
dotted  line,  g  g,  fig.  313;  and  of  the  pinion,  f,  together  with  a  side  Yiew  gf 
one  end  of  the  racks,  a  a  and  b  b. 

Figs.  313,  313*,  314,  and  314*,  are  drawn  double  the  azeof  the  fbmier. 

A,  A,  &c.  is  the  frame  of  the  mangle,  B  B,  is  a  mpvable  box,  which  coo- 
tains  heavy  weights,  and  C  C  two  rollers,  whidiarc^  all  made  in  a  similar  way 
to  other  mangles. 

On  the  upper  side  of  frame  A  A,  &c.  are  fixed  headstoeka^  D  B,  whi^ 
are  fixed  and  kept  perpendicular  to  each  other  by  an  iron  bar,  hhfOik 
the  upper  side  of  the  bar  are  fixed  the  plummer  blocks  cc;  the  upper  and 
lower  parts  of  tlie  plummer  blocks  have  projecting  pieces,  1 1,  and  j  j,  see 
figs.  313  and  313*«  which  support  and  g^de  the  double  rack;  a  a  and 
bo  is  the  double  rack  which  is  fixed  pa^el  to  the  box  B  B,  by  meaiis 
of  two  perpendicular  studs  k  k;  the  studs  pass  loosely  through  loops  in 
each  end  of  the  racks  so  that  the  rack  is  at  liberty  to  move  up  and  down, 
being  at  the  same  time  prevented  from  sliding  ofF  by  the  pins  /  4  fig.  312; 
each  end  of  the  rack  is  supported  by  two  spiml  springs  m  m^  fig.  310,  fixed 
on  the  upper  side  of  the  box;  the  ends  of  these  springy  pass  throueh  smeH 
holes  in  the  ends  of  the  rack,  and  tend  to  support  it  in  a  middle  situa^ 
tion,  such  a  position  as  that  the  pinion  /,  fig.  314*,  shall  be  in  gear 
with  the  upper  bar  of  the  rack.  The  double  rack  counts  of  a  flat  bi^  of 
iron,  having  teeth  formed  in  the  internal  part  of  it  (as  shown  in  figs-  312 
and  314*,)  and  also  two  fins  or  ribs,  n  and  o,  fig.  313,  fixed  to  the  upper 
and  lower  edges  of  it,  and  projecting  on  each  side  of  the  rack.  The  use 
of  these  fins  is  to  support  the  rack  in  two  situations  as  shown  in  figs.  313  and 
313*.  d  d,  fig.  310,  is  a  shaft  or  axis,  which  is  supported  by  the  head 
stocks  D  D,  and  by  the  plummer  blocks  c  c,  having  a  fiy-wheel,  p,  fixed  to 
one  end  of  it,  and  a  winch,  q,  to  the  otheiv  by  which  means  the  machine  is 
put  in  motion;  in  the  middle  part  of  the  shafted  d,  is  the  pinion^  shown  in 
*  fij^.  314,  which  works  in  the  teeth  of  the  rack;  in  figs.  312  and  314*,  the 
pmion  is  represented  working  in  the  upper  rack  a  a. 

Now  suppose  a  rotatory  motion  be  given  to  the  wincb,  the 
pinion  willcause  the  rack,  together  with  the  box,&c.  to  move 
in  a  longitudinal  direction  till  the  end  of  the  rack  has  arriTed 
at  the  pinion,  when  it  will  be  seen,  by  referring  to  fig.  314*, 
that  the  rack  cannot  pass  any  further  in  that  direction.  By 
continuing  to  turn  the  winch  in  the  same  direction  as  at  first, 
it  is  evident  that  the  ne.\t  tooth  of  the  pinion  will  take  into  the 
gap  in  the  end  of  the  rack,  and  thus  cause  the  rack  to  slide 
up  the  stud  ky  till  the  fins  on  each  side  of  the  rack  are  raised 
above  the  projecting  pieces  it  and  J  j,  fig.  313*»  of  the  plum- 
mer blocks :  the  next  succeeding  tooth  will  act  in  the  first  gap 
of  the  lowet  rack  b  6,  which  will  cause  the  rack,  together 
with  the  box,  &c.  to  move  in  the  contrary  direction  till  the 
other  end  of  the  rack  has  arrived  at  the  pinion,  when  a 
tooth  of  the  pinion  will  act  in  the  gap  in  that  end,  and 
cause  the  rack  to  slide  down  the  stud  K,  when  the  next 
tooth  of  the  pinion  will  act  in  the  first  gap  of  the  upper 
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rack,  and  cause  the  rack  to  move  in  the  direction  first  men- 
tioned, and,  by  continuing  the  motion  of  the  winch  in  the 
same  direction,  an  alternate  motion  of  the  rack-box^  &c*  is 
effected. 

To  replace  or  change  the  rollers  C  C,  one  of  the  arms,  r, 
or  9,  fig.  310,  must  be  turned  on  the  joint  by  which  it  is  fas- 
tened to  the  plummer-block,  in  a  direotipn  parallel  to  the 
side  of  the  rack  as  shown  in  fig.  310.' 

The  arm  forms  an  inclined  plane,  as  shown  at  r,  fig.  312,  so 
that  when  the  end .  o(  the  box,  B  B,  approaches  towards  the 
centre  of  the  frar^e,  the  friction  roller,  /,  (one  of  which  is 
fixed  to  each  ena  of  the  box),  passes  up  the  arm  or  inclined 
plane  r,  and  raises  the  end  of  the  box,  so  that  the  roller,  C, 
may  be  removec 


PILE-ENGINE. 

The  pile-engine  is  a  machine  by  which  piles  are  driven 
into  the  ground  for  the  foundation  of  the  piers  of  bridges, 
and  various  other  structures. 

The  method  of  driving  a  pile  consists  in  drawing  up  a  very 
heavy  weight,  called  a  ram  or  hammer,  and  by  disengaging  it 
from  the  machinery  by  which  it  was  raised,  letting  it  fall,  by 
the  force  of  gravity,  upon  the  head  of  the  pile.  In  the  most 
simple  machines  the  weight  is  drawn  up  by  men  pulling  a 
cord  over  a  fixed  pulley,  and  when  it  has  attained  a  suflicient 
height  allowing  the  cord  to  slip  from  their  hands,  which  per- 
mits the  weight  to  descend  with  considerable  force.  The 
two  best  pile-engines  that  we  have  seen  are  those  invented 
by  Mr  Vauloue  and  Mr  S.  Bunce. 

Mr  Yaolou^'s  pile-en^ne  may  be  thus  described.  A,  fig.  306,  is  a  great 
upright  shaft  or  axle,  on  which  are  the  g^eat  wheel  U,  and  the  drum  C, 
turned  by  horses  joined  to  the  bars  S  S.  The  wheel  B  turns  the  trundle  X « 
on  the  top  of  whose  axis  Is  the  fiy  O,  which  serves  to  regulate  the  motion,  as 
well  as  to  act  against  the  horses,  and  to  keep  them  from  faUing,  when  the 
heavy  ram  Q  is  discharged  to  drive  the  pile  P  down  into  the  mud  in  the 
bottom  of  the  river.  The  drum  G  is  loose  upon  the  shaft  A,  but  is  locked 
to  the  wheel,  B,  by  the  bolt  Y.  On  this  drum  the  great  rope,  H  H,  is 
wound;  one  end  of  the  rope  being  fixed  to  the  drum,  and  the  other  to  the 
follower  G,  to  which  it  is  conveyed  by  the  pulleys  I  and  K.  In  the  fol- 
lower G  is  contained  the  tongs  F,  that  take  hold  of  the  ram  Q,  by  the 
staple  R,  for  drawing  it  up.  D  is  a  spiral  or  fusee  fixed  to  the  drum,  on 
which  is  wound  the  small  rope,  T,  that  goes  over  the  pulley  U,  under  the 
pulley  V,  and  is  fastened  to  the  top  of  the  frame  at  7.  To  the  pulley  block 
V  is  hung  the  counterpoise  W,  which  hinders  the  foUower  G  from  ac- 
celerating as  it  goes  down  to  take  hold  of  the  ram;  for,  as  the  follower  tends 
to  acquire  velocity  in  its  descent,  the  line  T  winds  downwards  upon  the 
fusee  upon  a  larger  and  larger  radius,  by  which  means  the  counterpoise,  W> 
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acts  stronger  and  stronger  against  it;  and  so  allows  it  to  come  down  with  ooly 
a  moderate  and  uniform  velocity.  The  bolt  Y  locks  the  drum  to  the  great 
wheel,  being  pushed  upward  by  the  small  lever  2,  which  goes  through  a 
mortise  in  the  shaft  A,  turns  upon  a  pin  in  the  bar  3,  fixed  to  the  great  whe^ 
B,  and  has  a  weight  4»  which  always  tends  to  push  up  the  bolt  Y»  through 
the  wheel  into  the  drum.  L  is  the  great  lever  turning  on  the  axis  m,  and 
resting  on  the  forcing  bar  5,  5,  which  goes  through  a  hollow  in  the  shaft  A» 
and  bears  up  the  little  lever  2. 

By  the  horses  going  round,  the  great  rope  H  b  wound  about  the  drum  C, 
and  the  ram  Q  is  drawn  up  by  the  tongs  F,  in  the  follower  G,  until  the 
tongs  come  between  the  inclined  planes  £,  which,  by  shutting  the  tongs  at 
the  top,  opens  it  at  the  foot,  and  discharges  the  ram,  which  nils  down  be- 
tween the  guides  b  b,  upon  the  pile  P,  and  drives  it  by  a  few  strokes  aa  far 
into  the  mud  as  it  will  gt>,  afler  which  the  top  part  is  sawed  off  close  to  the 
mud  by  an  engine  for  that  purpose.  Immediately  afler  the  ram  is  dis- 
charged, the  piece  6,  upon  the  follower  G,  takes  hold  of  the  ropes  a  a, 
whidi  raises  the  end  of  the  lever  L,  and  causes  its  end,  N,  to  descend  and 
press  down  the  forcing  bar  5,  upon  the  little  lever  2,  which,  by  pulling 
down  the  bolt  Y,  unlocks  the  drum  C  from  the  great  wheel  B,  and  then 
the  follower  being  at  liberty  comes  down  by  its  own  weight  to  the  ram,  and 
the  lower  ends  of  the  tongs  slip  over  the  staple  K,  and  Uie  weight  of  their 
heads  causes  them  to  fall  outward  and  shut  upon  it.  Then  the  weight  4 
pushes  up  the  bolt  Y  into  the  drum,  which  locks  it  to  the  great  wheel,  and 
80  the  ram  is  drawn  up  as  before. 

As  the  follower  comes  down,  it  causes  the  drum  to  turn  backward,  and 
unwinds  the  rope  from  it,  whilst  the  horses,  great  wheel,  trundle,  and  fly, 
go  on  with  an  uninterrupted  motion;  and  as  the  drum  is  turning  backward, 
the  counterpoise,  W,  is  drawn  up,  and  its  rope  T,  wound  upon  the  spiral 
fusee  D. 

There  are  several  holes  in  the  under  side  of  the  drum,  and  the  bolt  Y 
always  takes  the  first  of  them  that  it  finds,  when  the  drum  stops  by  thefidl- 
ing  of  the  follower  upon  the  ram;  until  which  stoppage  th^  bolt  has  not  time 
to  slip  into  any  of  the  holes. 

The  peculiar  advantages  of  this  engine  are,  that  the  weight 
called  the  ram,  or  hammer,  may  be  raised  with  the  least 
force ;  that  when  it  is  raised  to  a  proper  height,  it  readily 
disengages  itself  and  falls  with  the  utmost  freedom;  that  the 
forceps  or  tongs  are  lowered  down  speedily,  and  instantly  of 
themselves  again  lay  hold  of  the  ram  and  lift  it  up. 

The  engine  was  placed  upon  a  barge  on  the  water,  and  so 
was  easily  conveyed  to  any  place  desired.  The  ram  was  a 
ton  weight;  and  the  guides  b  &,  by  which  it  was  let  fall,  were 
30  feet  high. 

Figs.  307  and  308  represents  a  side  and  front  section  of 
Bunce's  pUe-engine. 

The  chief  parts  are  A,  fig.  307,  which  are  two  endless  ropes  or  chains, 
connected  by  cross  pieces  of  iron,  B,  (fig.  308,)  corresponding  with  two 
cross  grooves  diametrically  opposite  in  the  wheel  C,  (fig.  307,)  into  which 
they  are  received,  and  by  which  means  the  rope  or  chain  A  is  carried 
round.  F,  H,  K,  is  a  side  view  of  a  strong  wooden  frame  movable  on  the 
axis  H.  D  isa  wheel  over  which  the  chain  passes  and  turns  within  at  the 
top  of  the  frame.  It  moves  occasionally  from  F  to  G,  upon  the  centre  H, 
and  is  kept  in  the  positions  F,  by  the  weight  I,  fixed  to  the  end  K.  In  fig. 
309,  L  is  the  iron  ram,  which  is  connected  with  the  cross  pieces  by  the 
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hook  m*  N  is  a  cylindrical  piece  of  wood  suspended  at  the  hook  at  O, 
which  by  sliding  freely  up  the  bar  that  connects  the  hook  to  the  ram,  al- 
ways brings  the  hook  upright  upon  the  chain  when  at  the  bottom  of  the 
machitie,  m  the  position  of  G  P:  see  iig.  307. 

When  the  man  at  S  turns  the  usual  crane-work,  the  ram  being  connected 
to  the  chain  and  passing  between  the  guides,  is  drawn  up  in  a  perpendicu- 
lar direction,  and  when  it  is  near  the  top  of  the  machine,  the  projecting 
bar  Q,  of  the  hook,  strikes  ag^nst  a  cross  piece  of  wood  at  R,  ^g.  307, 
and  consequently  discharges  the  ram;  while  the  weight  I  of  the  movable 
frame  instantly  draws  the  upper  wheels  into  the  position  shown  at  F,  and 
keeps  the  chain  free  of  the  ram  in  its  descent  The  hook,  while  descend- 
ing, is  prevented  from  catching  the  chain  by  the  wooden  piece  R;  for  that 
piece  being  specifically  lighter  than  the  iron  weight  below,  and  moving 
with  a  less  deg^ree  of  velocity,  cannot  come  into  contact  with  the  iron  tiU 
it  is  at  the  bottom  and  the  ram  stops.  It  then  falls,  and  again  connects 
the  hook  with  the  chain,  which  draws  up  the  ram  as  before. 

lo  this  machine,  as  well  as  Vauloue's,  the  motion  of  the 
first  wheel  is  interrupted,  so  that  very  little  time  is  lost  in 
the  operation ;  with  a  slight  alteration  it  might  be  made  to 
work  with  horses.  It  has  the  advantage  over  Vaulou^'s  en- 
gine in  point  of  simplicity ;  it  may  be  originally  constructed 
at  less  expense,  and  is  not  so  liable  to  be  deranged.  Both, 
however,  are  ingenious  performances,  and  part  of  their  con- 
struction might  be  advantageously  introduced  into  other 
machines. 

Notwithstanding  the  ingenuity  displayed  in  the  construc- 
tion of^he  two  pile  engines  above  described,  they  are  now 
almost  entirely  superseded  by  one  of  much  greater  simplici- 
ty, which  is  too  well  known  to  require  description. 

To  estimate  the  force  of  the  rammer  made  use  of  to  drive 
piles,  when  it  is  raised  by  men  drawing  it  up  by  a  cord, 
and  who,  when  it  is  sufficiently  elevated,  let  the  cord  slip 
from  their  hands,  its  weight  ought  to  be  multiplied  into  the 
velocity  it  acquires  in  filing.  Thus  if  a  rammer  which 
weighs  500  lbs.  be  let  fall  from  fourfeet,  it  will  fall  that  height 
in  half  a  second,  and  have,  at  the  time  of  percussion,  a  velo- 
city capable  to  carry  it  uniformly  eight  feet  in  half  a  second, 
without  any  further  help  from  gravity ;  so  that  we  must 
multiply  500  by  16,  or  its  weight  by  the  number  of  feet  it 
would  fall  in  a  second,  and  the  product,  8000,  gives  the  mo- 
mentum of  the  stroke.  If  a  capstan,  pulley,  or  windlass 
be  made  to  raise  the  hammer  to  a  considerable  height,  and 
then,  by  an  easy  contrivance,  loosen  it  at  once  from  its 
hook,  the  momentum  of  the  stroke  will  always  be  as  the 
square  root  of  the  height  from  which  the  rammer  fell. 

Though  the  momentum,  or  force  of  a  body  in  motion,  is 
as  the  weight  multiplied  by  the  velocity,  or  simply  as  its 
velocity  when  the  weight  is  given,  or  constant ;  yet  the  ef- 
fect of  the  blow  will  be  nearly  as  the  square  of  (hat  velocity  ^ 
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the  effect  being  the  quantity  the  pile  is  driven  into  the 
ground  by  the  stroke.  For  the  force  of  the  blow,  which  is 
transferred  to  the  pile,  being  destroyed  in  some  certain  de- 
finite time  by  the  friction  of  the  part  which  is  within  the 
earth,  which  is  nearly  a  constant  quantity,  and  the  spaces  in 
constant  forces  being  as  the  squares  of  the  velocities ;  there- 
fore, the  effects,  which  are  those  spaces  sunk,  are  nearly  as 
the  squares  of  the  velocity,  or,  which  is  the  same  thing, 
nearly  as  the  heights  fallen  by  the  ram  or  hammer  to  the 
head  of  the  pile. 


FILE-CUTTING  MACHINE. 

There  have  been  various  contrivances  for  this  purpose; 
but  the  best  we  are  acquainted  with  is  described  in  the 
Tramactions  of  the  American  Philosophical  Society^  and 
is  as  follows : 

A  A  A  A,  ^^,  315,  is  a  benok  of  setsoned  oak»  the  face  of  which 
is  planed  very  smooth.  B  B  B  B  the  feet  of  the  bench,  which  should 
be  substantial.  C  C  G  C  the  catriage  on  which  the  files  are  laid,  which 
moves  along  the  face  of  the  bench  A  AAA,  parallel  to  its  sides,  and 
cairies  the  ftle^  gradually  under  the  edge  of  the  cutter  or  chisel  H  H, 
while  the  teeth  are  cut:  this  carrias^  is  made  to  more  by  a  contri- 
vance somewhat  similar  to  that  whi<£  carries  the  log  against  the  saw 
of  a  saw-miU,  as  will  be  more  particulariy  described.  D  D  D  are  three 
iron  rods  inserted  into  the  ends  of  the  carriage  C  G  C  C,  and  passing  throu^ 
the  holes  in  the  studs  £  E  E,  which  are  screwed  firmly  agamst  the  ends  of 
the  bench  A  A  A  A,  for  directing  the  course  of  the  carriage  C  0  C  C,  pa^ 
rallel  to  the  sides  of  the  bench.  F  F  two  upright  pillars,  mortised  firmly 
into  the  bench  A  A  A  A,  nearly  equidistant  from  each  end  of  it,  near  the 
edge,  and  directly  oppoute  to  .each  other.  G  the  lever  or  arm  which 
carries  the  cutter  H  H,  (fixed  by  the  screw  I,)  and  works  on  the  centres  of 
two  screws  K  K,  which  are  fixed  into  the  two  pillars  F  F,  in  a  direction 
right  across  the  bench  A  A  A  A.  By  tightening  or  loosening  these  screws, 
the  arm  which  carries  the  chisel  may  be  made  to  work  more  or  less  steadily. 
L  is  the  reflating  screw,  by  means  of  which  the  files  may  be  made  coarser 
or  finer;  thu  screw  works  in  a  stud  M,  wluch  is  screwed  firmly  upon  the 
top  of  the  stud  F;  the  lower  end  of  tiie  screw  L  bears  a^nst  the  upper 
part  of  the  arm  G,  and  limits  the  height  to  which  it  can  nse.  N  is  a  steel 
spring,  one  end  of  which  is  screwed  to  the  other  pillar  F,  and  the  other  end 
presses  against  the  pillar  O,  which  is  fixed  upon  the  arm  G;  by  its  pressure 
It  forces  the  said  arm  upwards  until  it  meets  with  the  regulating  screw  L. 
P  is  an  arm  with  a  claw  at  one  end  marked  6,  the  other  end  is  fixed  by  a 
joint  into  the  end  of  the  stud  or  pillar  O,  and  by  the  motion  of  the  arm 
G,  is  made  to  move  the  ratch-wheei  Q.  This  ratch- wheel  is  fixed  upon  an 
utis,  which  carries  a  smaU  trundle-head  or  pinion  R,  on  the  opposite  end; 
this  takes  into  a  piece  S  S,  which  is  indented  with  teeth,  and  screwed  firmly 
fgainst  one  side  of  the  carriage  C  C  C  C;  by  means  of  this  piece  motion 
'•  ^™n>unicated  to  the  carriage.  F  is  a  clamp  for  fastening  one  end  of 
the  file  Z  Z  in  the  place  or  bed  on  which  it  is  to  be  cut.    V  is  another 
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damp  or  dog  at  the  opposite  enii,  which  works  by  a  joint  W,  firmly  fixed  into 
the  carriage  C  C  C  C.  T  is  a  bridge,  likewise  screwed  into  the  carriage, 
through  ^ich  the  screw  X  passes,  and  {>resses  with  its  lower  end  against 
the  upper  side  of  the  clamp  V ;  under  which  clamp  the  other  end  of  the  file 
Z  Z  is  placed)  and  held  firmly  in  its  situation  while  it  is  cutting  by  the  pres- 
sure of  the  said  clamp  V.  7  7  77  is  a  bed  of  lead,  which  is  let  into  a  cavity 
formed  in  the  body  of  the  carriage,  something  broader  and  longer  than  the 
largest  size  files;  the  upper  face  of  this  bed  of  lead  is  formed  variousiy,  so  as 
to  It  the  different  kinds  of  files  which  may  be  required.  At  the  figures  2  2 
are  two  catches,  which  take  into  the  teeth  of  the  ratch-wheel  Q,  to  prevent  a 
recoil  of  its  motion;  3  3  is  a  bridge  to  support  one  end,  4,  of  the  axis  of  the 
ratch-wheel  Q;  5  a  stud  to  support  the  other  end  of  the  axis  of  that  wheel. 
When  the  file  or  files  are  hud  in  their  place,  the  machine  must  be  regu- 
lated to  cut  them  of  the  due  degree  of  fineness,  by  means  of  the  regulating 
screw  L;  which,  by  screwing  fiuther  through  the  arm  Bf,  will  make  the  files 
finer,  and,  vice  veria,  by  unscrewing  it  a  little,  will  make  them  coarser;  for 
the  arm  G  will,  by  that  means,  have  liberty  to  rise  the  higher,  which  will 
occasion  the  arm  P,  with  the  claws,  to  move  further  along  the  periphery  of 
the  ratch-wheel,  and  consequently  communicate  a  more  extensive  motion 
to  the  carriage  C  C  C  C,  and  make  the  files  coarser. 

When  the  machine  is  thus  adjusted,  a  blind  man  may 
cut  a  file  with  more  exactness  than  can  be  done  in  the  usual 
method  by  the  keenest  sight;  foir  by  striking  with  a  hammer 
on  the  head  of  the  cutter  or  chisel  H  H,  all  the  movements 
are  set  at  work  ;  abd  by  repeating  the  stroke  with  the  ham- 
mer, the  files  on  one  side  will  at  length  be  cut ;  then  they 
most  be  turned,  and  the  operation  repeated  for  cutting  on 
the  other  side.  It  is  needless  to  enlarge  much  on  the  utility 
or  extent  of  this  machine ;  for,  on  an  examination,  it  will 
appear  to  persons  of  but  indifferent  mechanical  skill,  that 
it  may  be  made  to  work  by  water  as  well  as  by  hand,  to  cut 
coarse  or  fine,  large  or  small,  files,  or  any  number  at  a  time ; 
but  it  may  be  more  particularly  useful  for  cutting  very  fine 
small  files  for  watchmakers ;  as  they  may  be  executed  by 
this  machine  with  the  greatest  equality  and  nicety  imagin- 
able. As  to  the  materials  and  dimensions  of  the  several  parts 
of  this  machine,  they  are  left  to  the  judgment  and  skill  of 
the  artist  who  may  have  occasion  to  make  one  ;  only  observ- 
ing, that  the  whole  should  be  capable  of  bearing  a  good  deal 
of  violence. 


RAMSDEN'S  DIVIDING  MACHINE. 

This  valuable  instrument  is  the  invention  of  Mr  Jesse 

Ramsden,  to  whom  the  Commissioners  of  Longitude  gave 

the  sum  of  6152.  upon  his  entering  into  an  engagement  to 

instruct  a  certain  number  of  persons,  not  exceeding  ten,  in 

2  Q 
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the  method  of  making  and  using  this  machine,  in  the  space 
of  two  years,  say,  from  the  28th  October  1775,  to  28th  Oc- 
tober 1777 ;  also  binding  himself  to  divide  all  sectants  and 
octants  by  the  same  engine,  at  the  rate  of  three  shillings  for 
each  octant,  and  six  shillings  for  each  brass  sectant,  with 
Nonius's  divisions  to  half  minutes,  for  as  long  time  as  the 
Commissioners  should  think  proper  to  let  the  engine  remaia 
in  his  possession.  Of  this  sum  3001.  were  given  to  Mr  Rams* 
den  as  a  reward  for  the  usefulness  of  his  invention  ;  and  31 5L 
•for  his  giving  up  the  property  of  it  to  the  Commissioners. 

The  following  is  the  description  of  the  engine  given  by  Mr 
Ramsden,  upon  oath : 

This  engine  consists  of  a  large  wheel  of  bell-metal,  sup- 
ported on  a  mahogany  stand,  having  three  legs,  which  are 
strongly  connected  together  bv  braces,  so  as  to  make  it  per- 
fectly steady.  On  each  leg  of  the  stand  is  placed  a  conical 
friction-pulley,  whereon  the  dividing  wheel  rests ;  to  prevent 
the  wheel  from  sliding  off  the  friction-pullies,  the  bell  metal 
centre  under  it  turns  in  a  socket  on  the  top  of  the  stand. 

The  circumference  of  the  wheel  is  ratched  or  cut,  (by  a 
method  which  will  be  described  hereafter,)  into  2 160  teeth,  in 
which  an  endless  screw  acts.  Six  revolutions  of  the  screw 
will  move  the  wheel  a  space  equal  to  one  degree. 

Now  a  circle  of  brass  being  fixed  on  the  screw-arbor,  hav- 
ing its  circumference  divided  into  sixty  parts,  each  division 
will,  consequently,  answer  to  a  motion  of  the  wheel  of.  ten 
seconds,  six  of  them  will  be  equal  to  a  minute,  d^c. 

Several  different  arbors  of  tempered  steel  are  truly  ground 
kito  the  socket  in  the  centre  of  the  wheel.  The  upper  parts 
of  the  arbors,  that  stand  upon  the  plane,  are  turned  of  various 
sizes,  to  suit  the  centres  of  different  pieces  of  work  to  be 
divided. 

When  any  instrument  is  to  be  divided,  the  centrp  of  it  is 

very  exactly  fitted  on  one  of  these  arbors ;  and  the  instrument 

'is  fixed  down  to  the  plane  of  the  dividing-wheel,  by  means  of 

'  screws,  which  fit  into  holes  made  in  the  radii  of  the  wheel 

for  that  purpose. 

The  instrument  being  thus  fitted  on  the  plane  of  the  wheel, 
the  frame  which  carries  the  dividing-point  is  connected  at 
one  end  by  finger-screws,  with  the  frame  which  carries  the 
endless-screw ;  while  the  other  end  embraces  that  part  of  the 
steel  arbor  which  stands  above  the  instrnment  to  be  divided, 
by  an  angular  notch  in  a  piece  of  hardened  steel ;  by  this 
means  both  ends  of  the  frame  are  kept  perfectly  steady  and 
free  from  any  shake. 
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Tlie  frame  carryiDg  the  dividing-point  or  tracer,  is  made 
to  slide  on  (he  frame  which  carries  the  endless-screw  to  any 
distance  from  the  centre  of  the  wheel,  as  the  radius  of  the 
instrument  to  be  divided  may  require,  and  may  be  there 
fastened  by  tightening  two  clumps  ;  and  the  dividing-point 
or  tracer,  being  connected  with  the  clumps  by  the  double- 
joioted  frame,  admits  a  free  and  easy  motion  towards  or 
from  the  centre  for  cutting  the  divisions,  without  any  lateral 
shake. 

From  what  has  been  said,  it  appears  that  an  instrument 
thus  fitted  on  the  dividing-wheel,  may  be  moved  to  an  angle 
by  the  screw  and  divided  circle  on  its  arbor ;  and  that  this 
angle  may  be  marked  on  the  limb  of  the  instrument  with  the 
greatest  exactness  by  the  dividing  point  or  tracer,  which  can 
only  move  in  a  direct  line  tending  to  the  cedtre,  and  is  alto- 
gether freed  from  those  inconveniences  that  attend  cutting 
by  means  of  a  straight  edge.  This  method  of  drawing  lines 
will  also  prevent  any  error  that  might  {irise  from  an  expan- 
sion or  contraction  of  the  metal  during  the  time  of  dividing. 

The  screw-frame  is  fixed  on  the  top  of  a  conical  pillar, 
which  turns  freely  round  its  axis,  and  also  moves  freely 
towards  or  from  the  centre  of  the  wheel,  so  that  the  screw- 
frame  may  be  entirely  guided  by  the  frame  which  connects  it 
.  with  the  centre:  by  this  means  any  eccentricity  of  the  wheel 
and  the  arbor  would  not  produce  any  error  in  the  dividing ; 
and  by  a  particular  contrivance,  (which  will  be  described 
hereafter,)  the  screw  when  pressed  against  the  teeth  of  the 
wheel  always  moves  parallel  to  itself;  so  that  a  line  joining 
the  centre  of  the  arbor  and  the  tracer  continued  will  always 
make  equal  angles  with  the  screw. 

Fig.  316  represents  a  perspective  view  of  the  engine. 

Fig.  317  is  a  plan  of  which  fig.  318  represents  a  section  on  the  line  II  A. 

The  larg^  wheel  A  is  45  inches  in  diameter,  and  has  10  radii,  each  being 
supported  by  edge-bars,  as  represented  in  fi|^  3  IB.  These  bars  and  radii 
are  connected  by  a  circular  ring  B,  34  inches  in  diameter  and  three  inches 
deep;  and,  for  greater  streng^,  the  whole  is  cast  in  one  piece  in  bell-metal. 

As  the  whole  weight  of  the  wheel  A  rests  on  its  ring  B,  the  edg^-bars  are 
deepest  where  they  join  it;  and  from  thence  their  depth  diminishes,  both 
towards  the  centre  and  drcuroference,  as  represented  in  fig*  31& 

The  surface  of  the  wheel  A  was  worked  very  even  and  flat,  and  its  cir- 
cumference turned  true.  The  ring  C,  of  fine  brass,  was  fitted  very  exactly 
on  the  circumference  of  the  wheel;  and  was  fastened  thereon  with  screws, 
(rhieh,  after  being  screwed  as  tight  as  possible,  were  well  rivetted.  The 
&ce  of  a  large  chuck  being  turned  very  true  and  flat  in  the  lathe,  the  flat* 
tened  surface  A,  fig.  318,  of  the  wheel,  was  fastened  against  it  with  hold- 
fiists;  and  the  two  f^rfaces  and  circumference  of  the  ring  C,  a  hole  through 
the  centre  and  the  plane  part  round  b,  and  the  lower  edge  of  the  ring  B, 
were  turned  at  the  same  time. 
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D  is  a  piece  of  bard  beU-meUl,  having  a  hole,  wbkih  rec^Tea  the  ileel 
arbor  d^  made  very  straight  and  true.  This  bell-metal  was  turned  very  true 
on  an  arbor;  and  the  face,  which  rests  on  a  wheel  at  6,  was  turned  very  flat, 
so  that  the  steel  asbor  d  might  stand  perpendicular  to  the  plane  of  the 
wheel;  this  bell-metal  was  fastened  to  the  wheel  by  six  steel  screws. 

A  brass  socket  Z  is  fastened  on  the  centre  of  me  mahogany  stand,  and 
receives  the  lower  part  of  the  bell-metal  piece  D,  being  made  to  touch  the 
bell-metal  in  a  narrow  part  near  the  mouth,  to  prevent  any  obliquity  of  the 
wheel  from  bending  the  arbor;  good  fitting  is  by  no  means  necessary  here; 
since  any  shake  in  this  socket  will  produce  no  bad  effect,  as  will  appear 
hereafter  when  wie  describe  the  cutting-frame. 

The  wheel  was  then  put  on  its  stand,  the  lower  edge  of  the  ring  B,  figs. 
316,  317,  and  318,  resting  on  the  circumference  of  three  conical  friction 
pulleys  W,  to  facilitate  its  motion  round  its  centre*  The  axis  of  one  of 
these  pulleys  is  in  a  line  joining  the  centre  of  the  wheel  and  the  middle  of 
the  endless-screw,  and  the  other  two  placed  so  as  to  be  at  equal  distances 
from  each  other. 

Fig.  316  is  a  block  of  wood  strongly  fiistened  to  one  of  the  legs  of  the 
stand;  the  piece  g  is  screwed  to  the  upper  side  of  the  block,  and  has  half- 
holes,  in  which  the  transverse  axis  h,  fig.  319,  turns;  the  half-holes  are  kept 
together  by  the  screws  i. 

The  lower  extremity  of  the  conical  pillar  P,  figs.  316  and  319,  terminates 
in  a  cylindrical  steel  pin  Jt,  fig.  319,  which  passes  through  and  turns  in  the 
transverse  axis  A,  and  is  confined  by  a  check  and  screw. 

To  the  upper  end  of  the  conical  pillar  is  fastened  the  frame  G,  fig.  319, 
in  which  the  endless-screw  turns;  the  pivots  of  the  screw  are  formed  in 
the  manner  of  two  frustrums  of  cones  joined  by  a  cylinder,  as  represented 
at  X,  fig.  320.  These  pivots  a4*e  confined  between  half-holes,  which  press 
only  on  the  conical  parts,  and  do  not  touch  the  cylindric  parts;  the  half- 
holes  are  kept  together  by  screws  a,  wliich  may  be  tightened  at  any  time, 
to  prevent  the  screw  from  shaking  in  the  frame. 

On  the  screw-arbor  is  a  small  wheel  of  brass  K,  figs.  316,  317,319,  and 
3^0,  having  its  outside  edge  divided  into  60  parts,  and  numbered  at  every 
sixth  division  with  1,  2,  &c.  to  10.  The  motion  of  this  wheel  is  shown  by 
the  index  y,  figs.  312  and  320,  on  the  screw-frame  G. 

H,  fig.  316,  represents  a  part  of  the  stand,  having  a  parallel  slit  in  the 
direction  towards  the  centre  of  the  wheel,  large  enough  to  receive  the  up- 
per part  of  the  conical  brass  pillar  P,  which  carries  the  screw  and  its  frame; 
and  as  the  resistance,  when  the  wheel  is  moved  by  the  endles^screw,  is 
against  the  side  of  the  slit  H  wliich  is  towards  the  left  hand,  that  side  of 
the  slit  is  faced  with  brass,  and  the  pillar  is  pressed  against  it  by  a  steel 
spring  on  the  opposite  side;  by  this  means  the  pillar  is  strongly  supported 
laterally,  and  yet  the  screws  may  be  easily  pressed  firom  or  ag^nst  the  cir- 
cumference of  the  wheel,  and  the  pillar  will  turn  freely  on  its  axis  to  take 
any  direction  g^ven  it  by  the  frame  L. 

\t  each  comer  of  the  piece  I,  fig.  319,  are  screws  n,  of  tempered  steel, 
having  polished  conical  pomts;  two  of  them  turn  in  conical  holes  in  the 
screw-frame  near  o,  and  the  points  of  the  other  two  screws  turn  in  the 
holes  in  the  piece  Q;  the  screws  p  are  of  steel,  which  being  tightened, 
prevent  the  conical  pointed  screws  from  untuming  when  ttie  frame  is 
moved. 

L,  figs.  316,  317»  and  321,  is  a  brass  frame,  which  serves  to  connect  the 
endless-screw,  its  frame,  &c.  with  the  centre  of  the  wheel;  each  arm  of  this 
fnxat  is  terminated  by  a  steel  screw,  that  may  be  passed  through  any  of 
the  holes  ^,  in  the  piece  Q,  fig.  319,  as  the  thickness  of  the  w<Hc  to  be 
divided  on  the  wheel  may  require,  and  are  fastened  by  the  finger-nuts  r, 
figs.  316  and  317- 
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At  ^e  end  of  tbU  fimiM  is  a  flat  jnece  of  temper^  fteel  6,  fi^.  331,  where- 
in is  an  angular  notch;  when  the  endless-screw  is  pressed  against  the  teeth 
of  ^e  circumference  of  the  wheel,  which  may  be  done  by  turning  the  finger- 
screw  S,  figs.  316  and  317*  to  press  against  the  spring  /,  this  notch  embraces 
mud  presses  against  the  steel  arbor  d.  This  end  of  Uie  frame  may  be  raised 
or  depressed  by  moving  the  prismatic  slide  a,  fig.  317,  which  may  be  fixed 
mt  any  height  by  the  four  steel  screws  9,  figs.  316,  317,  and  331. 

The  bottom  of  this  slide  has  a  notch  K,  figs.  316  and  321,  whose  plane  is 
parallel  to  the  endless*screw,  and  by  the  point  of  the  art>or  d^  fig.  318, 
resting  in  this  notch,  this  end  of  the  fnme,  is  prevented  from  tilting.  The 
screw  S,  figs.  316  and  317,  is  prevented  from  Untuming,  by  tightening  the 
finger-nut  10. 

The  teeth  od  the  circumference  of  the  wheel  were  cut  by 
the  following  method  : 

Having  considered  what  number  of  teeth  on  the  circum- 
ference would  be  most  convenient,  which  in  this  engine  is 
2160,  or  360  multiplied  by  6, 1  made  two  screws  of  the  same 
dimension  of  tempered  steel,  in  the  manner  hereafter  de- 
scribed, the  interval  between  the  threads  being  such  as  I 
knew  by  calculation  would  come  within  the  limits  of  what 
might  be  turned  of  the  circumference  of  the  wheel :  one  of 
these  screws,  which  was  intended  for  ratching  or  cutting  the 
teethy  was  notched  across  the  threads,  so  that  the  screw, 
when  pressed  against  the  edge  of  the  wheel  and  turned 
round,  cut  in  the  manner  of  a  saw.  Then  having  a  segment 
of  a  circle  a  little  greater  than  60  degrees,  of  about  the  same 
radius  with  the  wheel,  and  the  circumference  made  true, 
from  a  very  fine  centre,  I  described  an  arch  near  the  edge, 
and  set  off  the  chord  of  60  degrees  on  this  arch.  This  seg- 
ment was  put  in  the  place  of  the  wheel,  the  edge  of  it  was 
ratched,  and  the  number  of  revolutions  and  parts  of  the 
screw  contained  between  the  interval  of  the  60  degrees  were 
counted.  The  radius  was  corrected  in  the  proportion  of 
360  revolutions,  which  ought  to  have  been  in  60  degrees,  to 
the  number  actually  found  ;  and  the  radius,  so  corrected,  was 
taken  in  a  pair  of  beam-compasses ;  while  the  wheel  was  on 
the  lathe,  one  foot  of  the  compasses  was  put  in  the  centre, 
and  with  the  other  a  circle  was  described  on  the  ring ;  then 
half  the  depth  of  the  threads  of  the  screw  being  taken  in 
dividers,  was  set  from  this  circle  outwards,  and  another 
circle  was  described  cutting  this  point ;  a  hollow  was  then 
turned  on  the  edge  of  the  wheel,  of  the  same  curvature  as 
that  of  the  screw  at  the  bottom  of  the  threads,  the  bottom 
of  this  hollow  was  turned  to  the  same  radius  or  distance  from 
the  centre  of  the  wheel,  as  the  outward  of  the  two  circles  be- 
fore-mentioned. 

The  wheel  was  now  taken  off  the  lathe,  and  the  bell-metal 
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piece  D,  fig.  318,  was  screwed  on  as  before  directed,  which, 
after  this,  ought  not  to  be  removed. 

From  a  very  exact  centre  a  circle  was  described  on  the  ring  C,  figs.  316, 
317,  and  318,  about  four-tenths  of  an  inch  within  where  the  bottom  of  the 
teeth  would  come.  The  circle  was  divided  with  the  g^reatest  ezactneis  I 
was  capable  of,  first  into  five  parts,  and  each  of  these  into  three.  These 
parts  were  then  bisected  four  times,  (that  is  to  say,)  supposing  the  whole 
circumference  of  the  wheel  to  contain  2160  teeth,  this  being  divided  into 
fire  parts,  each  would  contain  432  teeth;  which  being  divided  into  three 
parts,  each  of  ^em  would  contain  134;  and  this  space  bisected  fi>ur  timet 
would  give  7%  36,  18,  and  9;  therefore  each  of  the  last  divisioiis  would 
contain  nine  teeth.  But,  as  I  was  apprehensive  some  error  mig^t  arise 
from  quinquesection  and  triaection,  in  order  to  examine  the  accuracy  of  the 
diviuons,  I  described  another  circle  on  the  ring  C,  (fig.  322,)  one-tenth  of 
Ml  iDch  within  the  fionner,  and  divide^  it  by  continiud  bisections,  as  2160, 
1080,  540,  270,  135,  67i,  and  33};  and  as  the  fixed  wire,  (to  be  described 
presently,)  crossed  both  the  circles,  I  could  examine  their  agreement  at 
^^  135  revolutions;  (after  ratchtng>  could  examine  it  at  erely  S8|;)  but 
not  finding  any  sensible  diiference  bet^reen  the  two  sets  of  divisions,  1,  for 
ratching,  made  choice  of  the  former;  and,  as  the  coincidence  of  tlie  fixed  wire 
with  an  intersection  could  be  more  exactly  determined  than  with  a  dot  or 
division,  I  therefore  made  use  of  intersection^  in  both  circles  before  describe 
ed. 

The  arms  of  the  frame  L,  %%.  322,  were  connected  by  a  thin  piece  of  bras9 
of  three-fourths  of  an  inch  broad,  having  a  hole  in  the  middle  of  four-tenths 
of  an  inch  in  diameter;  across  this  hole  a  silver  wire  was  fixed  exactly  in  a 
line  to  the  centre  of  the  wheel;  the  coincidence  of  this  wire  with  the  inter- 
^  sections  was  examined  by  a  lens  seven-tenths  of  an  inch  focus,  fixed  in  a  tube 
which  was  attached  to  one  of  the  arms  L.*  Now  a  handle  or  winch  being 
fixed  on  the  end  of  the  screw,  the  division  marked  10,  on  the  circle  K,  was 
set  to  its  index,  and,  by  means  of  a  clamp  and  adjusting-screw  for  that  pur- 
pose, the  intersection  marked  1  on  the  circle  C  was  set  exactly  to  coincide 
with  the  fixed  wire;  the  screw  was  then  carefully  pressed  against  the  circum- 
ference of  the  wheel,  by  turning  the  finger-screw  8,  then  removing  the 
clamp,  I  turned  the  screw  by  its  handle  nine  revolutions,  till  the  intersection 
marked  240  came  nearly  to  the  wire;  then,  untuming  the  finger-screw  S,  I 
released  the  screw  (Vom  the  wheel,  and  turned  the  wheel  back  till  the  in- 
tersection marked  2  exactly  coincided  with  the  wire;  and,  by  means  oC  the 
clamp  before-mentioned,  the  division  10  on  the  circle  being  set  to  its  index, 
the  screw  was  pressed  against  the  edges  of  the  wheel  by  the  finger-screw  S; 
the  clamp  wire  removed,  and  the  screw  turned  nine  revolutions  till  the  in- 
tersection marked  1  nearly  coincided  with  the  fixed  wire;  the  screw  was  re- 
leased from  the  wheel  by  untuming  the  finger-screw  S  as  before;  the 
wheel  was  turned  back  till  the  intersection  3  coincided  with  the  fixed  wire; 
the  division  10  on  the  circle  being  set  to  its  index,  the  screw  was  pressed 
^inst  the  wheel  as  before,  and  the  screw  was  turned  nine  revomtioaa, 
till  the  intersection  2  neariy  coincided  with  the  fixed  wire,  and  the  screw 
was  released;  and  \  proceeded  in  this  manner  till  the  teeth  were  marked 
round  the  whole  circumference  of  the  wheel.  This  was  repeated  three 
times  round,  to  make  the  impression  of  the  screw  deeper.  1  then  ratched 
the  wheel  round  continually  in  the  same  direction  without  ever  disengagiay 
the  screw;  and,  in  ratching  the  wheel  about  300  times  round,  the  teeth  were 
finished. 

•  The  intersections  are  marked  for  the  sake  of  illustration,  though  pro- 
perly invisible,  they  lying  under  the  brass  pbtc. 
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It  is  evident  if  the  circumference  of  the  wheel  were  even 
one  tooth  or  ten  minutes  greater  than  the  screw  would  re- 
quire, this  error  would  in  the  first  instance  be  reduced  to 
?-W  P^^  ^^  ^  revolution,  or  two  seconds  and  a  half;  and  these 
errors  or  inequalities  of  the  teeth  be  equally  distributed 
round  the  wheel  at  the  distance  of  nine  teeth  from  each 
other.  NoW|  as  the  screw  in  ratching  had  continually  hold 
of  several  teeth  at  the  san>e  time,  and  these  constantly 
changing,  the  above-mentioned  inequalities  soon  corrected 
themselves,  and  the  teeth  were  reduced  to  a  perfect  equality. 
.The  piece  of  brass  which  carries  the  wire  was  now  taken 
away,  and  the  cutting-screiV  was  also  removed,  and  a  plain 
one,  (hereafter  described,)  put  in  its  place ;  on  one  end  of 
the  screw  is  a  small  brass  circle,  having  its  edge  divided  into 
sixty  equal  parts,  and  numbered  at  every  sixth  division,  as 
before  mentioned. 

On  the  other  end  of  the  screw  is  a  ratchet-wheel  c,  having  uzty  teeth» 
covered  by  the  hollowed  circle  d,  fig.  320,  which  carries  two  clicks  that 
catch  upon  the  opposite  sides  of  the  ratchet  when  the  screw  is  to  be  moved 
forwards.  The  cylinder  S  turns  on  a  strong  steel  arbor  F,  which  passes 
through  and  is  firmly  screwed  to  the  piece  T;  this  piece,  for  greater  firm- 
neasy  is  attached  to  the  screw-frame  G,  fie^.  319,  by  the  braces  v;  a  spiral 
ffroove  or  thread  is  cut  on  the  outside  of  the  cylinder  S,  which  serves  both 
for  holding  the  strinr,  and  also  giving  motion  to  the  lever  J  on  its  centre,  by 
means  of  a  steel  tooth  n,  that  works  between  the  threads  of  tiie  spiral.  To 
tiie  lever  is  attached  a  strong  steel  pin  m,  on  which  a  brass  socket,  r,  turns; 
this  socket  passes  through  a  slit  in  the  piece  p,  and  may  be  tightened  in  any 
part  of  the  slit  by  the  finger-nuty>  this  piece  serves  to  regidate  the  number 
of  revolutions  of  the  screw  for  each  tread  of  the  treadle  R. 

Ty  fig.  316,  is  a  brass  box  containing  a  spiral  spring;  a  strong  gut  is  fitf- 
tened  and  turned  three  or  four  times  round  the  circun3erence  (m  this  box; 
the  gut  then  passes  several  times  round  the  cvlinder  S,  and  from  thence 
down  to  the  treadle  R,  fig.  316.  Now,  when  the  treadle  is  pressed  down» 
the  string  puUs  the  cylinder  S  round  its  axis,  and  the  clicks  catching  hold 
of  the  teeth  on  the  ratchet  carry  the  screw  round  with  it,  tiU,  by  the  tooth 
n  working  in  the  spiral  groove,  the  lever  J,  fig.  319,  b  brought  near  the 
wheel  a,  and  the  cytinder  stopped  by  the  screw-head,  a,  striking  on  the 
top  of  the  lever  J;  at  the  same  time  the  spring  is  wound  up  by  the  other 
end  of  the  ^rt  passing  round  the  box  T,  fig.  316.  Now,  when  the  foot  ift 
taken  off  the  treadle,  the  spring,  unbending  itself;  pulls  back  the  cylin- 
der, the  clicks  leaving  the  ratchet  and  screw  at  rest  tUl  the  piece  t  strikes 
on  the  end  of  the  piece  j7,  fig.  316;  the  number  of  revolutions  of  the  screw 
at  each  tread  b  limited  by  the  number  of  revolutions  the  cylinder  b  allowed 
to  turn  back  before  the  stop  strikes  on  the  piece  p* 

When  the  endless-screw  was  moved  round  its  axis  with  a  con^derable  ve« 
loci^,  it  would  continue  that  motion  a  little  after  the  cylinder,  figs.  316 
and  319  was  stopped;  to  prevent  this  tlie  angular  lever »  was  made,  that 
when  the  lever  J  comes  near  to  stop  the  screw  x,  it,  by  a  small  chamfer, 
presses  down  the  piece  k  of  the  angular  lever,  this  brings  the  other  end, 
•,  of  the  same  lever  forwards,  and  stops  the  endless-screw  by  the  steel  pin, 
/A ,  striking  upon  the  top  of  it:  the  foot  of  the  leyer  b  raised  again  by  a  small 
spring  pressing  on  the  brace  v. 
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'  Dy  two  cltmps,  connected  by  the  piece  a,  slide  one  on  each  arm  of  the  fivne 
L»  fi^  316,  317,  and  321,  and  may  be  fixed  at  pleasure  by  the  four  finger- 
screws  f ,  which  press  against  the  steel  roring  to  avoid  spoiling  the  anus; 
the  piece  q  b  made  to  turn  without  shake  between  two  coni^  pointed 
screws  /»  which  are  prevented  from  untuming  by  tightening  the  fii^;tr- 
nutsN. 

The  piece  m,  fig.  321,  is  made  to  turn  on  the  piece  q,  by  the  coDial 
pointed  screws,  s,  resting  in  the  hollow  centres  e. 

As  there  is  fi^quent  occasion  to  cut  divisions  on  inclined  planes,  for  that 
purpose  tiie  piece,  >,  in  which  the  tracer  is  fixed,  has  a  conical  axis  at  eack 
cnd^  which  turn  in  half  holes;  when  the  tracer  is  set  to  any  inclination,  it 
may  be  fixed  there  by  tightening  the  steel  screws  fi. 

Description  of  the  engine  hy  wMeh  the  endleMS-screw  of  the  dividing-engkie 
was  cut* 

figk  324  represents  this  engine  of  its  full  dimensions,  seen  fromotieade. 

f\g,  323,  the  upper  side  of  the  same,  as  seen  from  above. 

A  represents  a  triangular  bar  of  steel,  to  which  the  triangular  boles  in 
'  the  pieces  II  and  C  are  accurately  fitted,  and  may  be  fixed  on  any  part  of 
the  bar  by  the  screws  D. 

E  b  a  piece  of  steel  whereon  the  screw  is  intended  to  be  cut;  which,  af- 
ter being  hardened  and  tempered,  has  its  pivots  turned  in  the  form  of  twe 
frustrums  of  cones,  as  represented  in  the  drawings  of  the  dividing-engine^ 
fig.  320.  These  pivots  were  exactly  fitted  to  the  half-holes  F  and  T,  which 
were  kept  together  by  the  screws  z, 

H  represents  a  screw  of  untempered  steel,  having  a  pivotj,  which  turns  in 
the  hole  k;  at  the  other  end  of  the  screw  is  a  hollow  centre,  which  receives 
the  hardened  conical  point  of  the  steel  pin  m.  When  this  point  is  suffi- 
ciently pressed  agunst  the  screw,  to  prevent  its  shaking,  the  steel  pin  may 
be  fixed  by  tightening  the  screws  T. 

N  is  a  cylindric  nut  movable  on  the  screw  H;  which,  to  prevent  any 
shakes,  may  be  tightened  by  the  screws  O.  This  nut  is  connected  with  the 
saddle-piece  P,  by  means  of  the  intermediate  universal  joint  W,  through 
which  the  arbor  of  the  screw  H  passes.  A  front  view  of  this  piece,  with  a 
section  across  the  screw-arbor,  is  represented  at  X.  This  joint  is  connected 
with  the  nut  by  means  of  two  steel  slips  S,  which  turn  on  pins  between  the 
cheeks  T,  on  the  nut  N.  The  other  ends  of  these  slips,  S,  turn  in  like  man- 
ner on  pins  a;  one  axis  of  this  joint  turns  in  a  hole  in  the  cock  6,  which  is 
fixed  to  the  saddle-piece;  and  the  other  turns  in  a  hole  d,  made  for  ^lat  pur- 
pose in  the  same  piece  on  which  the  cock  b  is  fixed.  By  this  means,  when 
the  screw  is  turned  round,  the  saddle-piece  wiU  slide  uniformly  along  the 
trianf^ar  bar  A^ 

K  IS  a  small  triangular  bar  of  well-tempered  steel,  which  slides  in  a  groove 
of  the  same  form  on  the  saddle-piece  P.  The  point  of  this  bar  or  cutter  ia 
formed  to  the  shape  of  the  thread  intended  to  be  cut  on  the  endless-screw. 
When  the  cutter  is  set  to  take  proper  hold  of  the  intended  screw,  it  may  be 
fixed  by  tightening  the  screws  c,  which  press  the  two  pieces  of  brass  up<m  it. 

Having  measured  the  circumference  of  the  dividing^wheel,  I  found  it 
would  require  a  screw  about  one  thread  in  a  hundred  coarser  than  the  guide- 
screw  arbor  H,  and  that  on  the  stub  E,  on  which  the  screw  was  to  be  cut^ 
were  proportioned  to  each  other  to  produce  that  efiect,  by  ^vinr  the  wheel 
L  19Q  teeth,  and  the  wheel  Q  200.  These  wheels  commumcated  with  each 
other  by  means  of  the  intermediate  wheel  R,  which  also  served  to  give  the 
threads  on  the  two  screws  the  same  direction. 

The  saddle-piece  P  is  confined  oft  the  bar  A  by  means  of  the  pieces  g^ 
and  may  be  made  to  slide  with  a  proper  degree  of  tightness  by  the  screws  la. 
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LATHES  AND  TURNING  APPARATUS. 

The  lathe  is  a  very  usefal  engioe  for  turning  wood,  ivory, 
metals,  and  other  materials. 

The  common  lath  is  composed  of  two  wooden  cheeks  or 
sides,  parallel  to  the  horizon,  having  a  groove  or  opening  be- 
tween; perpendicular  to  these  are  two  other  pieces,  called 
puppets,  made  to  slide  between  the  cheeks,  and  to  be  fixed 
down  at  any  point  at  pleasure.  These  have  two  points,  be- 
tween which  the  piece  to  be  turned  is  sustained ;  the  piece  is 
turned  round  backwards  and  forwards  by  means  of  a  string 
put  round  it  and  fastened  above  to  the  end  of  a  pliable  pole, 
and  underneath  to  a  treadle  or  board  moved  with  the  foot. 
There  is  also  a  rest  which  bears  up  the  tool,  and  keeps  it 
steady. 

We  shall  now  proceed  to  give  Mr  J.  Farey's  description  of 
the  improvedlat  hes  manufactured  by  Mr  Henry  Maudslayf 
of  Margaret-street,  Cavendish-square. 

A,  fig^.  325,  is  the  great  wheel,  with  four  grooves  on  the  rim;  it  is  worked 
bj  a  crank  B,  and  treadle  C,  in  the  common  way;  the  catgut  which  goes 
round  this  wheel  passes  also  round  a  smaller  wheel  D,  called  the  mandrel, 
which  has  four  g^rooves  on  its  circumference,  of  different  diameters,  forgiving 
it  different  velocities,  corresponding  with  the  four  grooves  on  the  great 
wheel  A.  In  order  to  make  the  same  band  suit,  when  applied  to  aU  the  dif- 
ferent grooves  on  the  mandrel  D,  the  wheel  A  can  be  elevated  or  depressed 
by  a  screw,  a,  and  another  at  the  other  end  of  the  axle;  and  the  connecting 
rod,  C,  can  be  lengthened  or  shortened  by  screwing  the  hooks  at  each  end 
of  it  further  out  o^  or  into  it  The  end  M,  fig.  326,  of  the  spindle  of  the 
mandrel  D,  is  pointed,  and  works  in  a  hole  in  the  end  of  a  screw,  put 
through  the  standard  £,  fig.  325;  the  other  end  of  the  bearing  F,  fig.  326, 
is  conical,  and  works  in  a  conical  socket  in  a  standard  F,  fig.  325,  so  that, 
by  tight^ng  up  the  screw  in  £,  the  conical  end,  F,  may  at  any  time  be 
laade  to  fit  its  socket;  the  puppet  6  has  a  cylindric  hole  through  its  top  to 
receive  the  polished  pointed  rod  d,  which  is  moved  by  the  screw  e,  and  fixed 
'  by  the  screw//  the  whole  puppet  is  fixed  on  the  triangular  prismatic  bar  H, 
by  a  clamp,  fig.  332,  the  two  ends  of  which,  a,  6,  are  put  through  holes,  6, 
in  the  bottom  of  the  puppet  under  the  bar,  and  the  whole  is  nxed  by  the 
screw  e  pressing  against  it;  by  this  means  the  puppet  can  be  taken  off  the 
bar  without  first  t&ing  off  the  standard  I,  as  in  the  common  lathes;  and  the 
triangular  bar  is  found  to  be  far  preferable  to  the  double  rectangular  one  in 
common  use.  The  rest  j  is  a  similar  contrivance;  it  is  in  three  pieces;  see 
figs.  327,  328,  and  329.  Fig.  328  is  a  piece,  the  opening,  a,  6,  e,  in  which 
is  hud  upon  the  bar  H,  fig.  325;  the  four  legs,  ddddfOt^g-  329,  are  then 
put  up  under  the  bar,  (into  the  recesses  in  fig.  328  which  are  made  to  re- 
ceive  them,)  so  that  the  notches  ind  ddd  may  be  level  with  the  top  of  fig. 
328:  the  two  beads,  ef,  in  fig.  327,  are  then  slid  into  the  notches  in  the  top 
of  d  ddd,  fig.  328,  to  keep  the  whole  together;  the  groove  %  is  to  receive  a 
corresponding  piece  on  ef,  fig.  327,  to  steady  it;  the  whole  of  fig.  327  has  a 
2  R 
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metdlic  coyer»  to  keep  the  chips  out  of  the  gp'oores.  It  is  plain  that,  hj 
tig^hteninr  the  screw  h,  in  the  bottom  of  fig.  3&,  the  whole  will  be  fixed  and 
prevented  fix>m  sliding  along  the  bar  H,  and  fig.  327  from  sliding  in  a  direc- 
tion perpendicular  to  the  bar;  the  piece  4  ^g*  S^»  <^  which  the  tool  is  Uid, 
can  be  raised  or  lowered  at  pleasure,  and  fixed  by  a  screw,  m.  On  the  end,  s, 
of  the  spindle  P,  figs.  325  and  326,  is  screwed  occasionally  an  universal  chuck 
for  holding  any  kind  of  work  which  is  to  be  turned.  (See  fig.  330.  ^  A  is  the 
female  screw  to  receive  the  screw  n,  fig.  325$  near  the  bottom  of  the  screw  A 
is  another  screw,  B  B,  which  b  prevented  irom  moving  endways  by  a  cottsr  in 
the  middle  of  it  fixed  to  the  screw  A;  one  end  of  the  screw  B  U  is  cutrightr 
handed,  and  the  other  left4)anded;  so  that  by  turning  the  screw  one  way,  the 
two  nuts,  E  F,  will  recede  from  eadi  other,  or  by  tuniiiig  it  the  contniy  way, 
they  will  advance  towards  each  other;  the  two  nuts,  £  F,  pass  through  aa 
opening  in  the  plate  C,  and  project  beyond  the  same,  canying  jaws,  like 
those  of  a  vice,  by  which  the  subject  to  be  turned  is  to  be  hehL 

For  turning  &cea  of  wheels,  hollow  work.  Sec.  where  great  accuracy  it 
wanted,  Mr  Maudslay  has  contrived  a  curious  apparatus,  which  he  calls  a 
riide-tool,  represented  by  fig.  331,  where  E  £  E  is  the  opening  to  receive 
the  bar  H,  ng.  325,  and  it  is  fixed  by  the  clamp,  fig.  332,  as  before  de- 
scribedf  the  tool  for  cutting,  &c  is  fixed  into  the  two  holders  b  b,  by  their 
9crews(  these  holdem  are  fastened  to  a  sliding  plate  a,  which  can  be  moved 
backwards  and  forwards  by  the  screw  c,  causing  the  tool  to  advance  or  re- 
cede; fiff.  333  represents  the  under  side,  (turning  upwards,)  of  the  part  A  A, 
in  which  the  screw  e  is  seen  fixed  at  each  end,  and  the  nut  d,  which  is  at- 
ttohed  to  the  under  side  of  the  plate  a,  working  upon  it.  When  it  is  neces- 
sary, as  in  the  turning  of  the  inside  of  cones,  £c  that  the  tool  should  not 
be  parallel  to  the  spindle  P,  the  screw  e,  and  another  similar  one  behind, 
jaast  be  loosened,  the  tool  set  at  the  proper  angle,  and  then  be  screwed 
tight  again.  In  <mler  to  make  the  piece  A  A  move  truly  when  it  is  tamed 
round,  there  is  a  hole  /,  fig.  333,  to  receive  a  knob  g,  fig.  338,  upon  the 
plate  B,  which  acts  as  a  centre,  and  keeps  it  in  its  place;  there  are  three 
noles  on  each  side  in  the  plate  B,  fig.  336,  to  put  the  screw  e  in  at  different 
timet,  thus  giving  to  the  tool  a  greater  rangfe  than  the  circular  openings  S  S 
will  admit 

The  part  E  E  E  £,  represented  separatelpr,  and  inverted,  in  fig.  3S4»  is  of 
cast-iron,  and  has  a  screw,  A,  woiting  in  it,  similar  to  fig.  333;  the  nut  of  this 
screw  is  attached  to  the  bottom  of  Uie  slide  H,  fig.  335,  at  /,  which  slides 
in  the  groove  t,  figs.  331  and  334;  at  one  end  of  it  is  a  box  containing  a 
screw  m,  to  be  hereafter  described,  and  at  the  other  is  a  frame  of  brass  K  K. 
Near  the  same  end  of  the  slide  is  a  pin  L,  projecting  above  the  pbte,  which 
is  put  through  an  openine,  /,  in  fig.  336,  to  steady  it,  while  the  other  end  C, 
of  fig.  336,  is  put  through  an  opening  M,  in  the  box  D,  fir.  335.  In  the 
part  C  is  ai>  oblique  slit  /  (  to  recdve  a  stub  which  projects  nom  the  bottom 
of  the  nut  n,  worked  by  the  screw  m,  fig.  335;  by  this  arrangement  it  is 
obvious  that  if  the  screw  m  is  worked,  the  stub  of  the  nut  n,  acting  against 
the  slide  of  the  slit  /i^  as  an  inclined  plane,  will  move  it  ei^er  bsckwards 
or  forwards  through  the  opening  M;  a  metal  cover  r,  fig.  338,  is  occasion- 
ally put  over  the  opening  for  the  nut  n,  and  screw  m,  to  prevent  the  chips 
fhnn  fidling  in. 

Near  theibur  comers  of  the  frame,  ^z.  336,  are  four  small  projections  ooo  0b 
with  inclined  ndes,  which  fit  into  the  four  openings  ppppt  of  figs.  337  and 
33 1 ;  these  openings  are  cut  out  in  two  brass  plates,  which  are  screwed  on  at 
right  Uif^tn  to  the  pUte  B  B,  figs.  331  and  337;  the  ends,  Qqqq^oi  these 
plates  shde  between  the  edges  of  the  fhune  R  K  and  the  box  D,  so  as  to 
prevent  any  other  motion  than  a  vertical  one.  When  this  slide  tool  is  used, 
the  puppet  G  is  to  be  removed  or  pushe4  back  further  from  F,  and  the  tool 
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is  put  upon  the  b«r  H,iig.  335,  «id  fixed  in  the  pbce  of  the  reity,  by  thci 
clamp,  fig.  332y  the  distance  firom  the  centre  n  is  adjusted  by  the  screw  A» 
which  moves  the  slide,  fig.  335,  in  the  grooves  i^  figs.  331  ana  334»  with  the 
whole  app«ratus  upon  it;  by  the  screw  m,  figs.  331  and  335,  as  before  de- 
scribed, Uie  sfide,  fig.  336^  may  be  moved  in  a  direction  perpendicular  to  the 
bar  H,  fig.  325,  and  its  projections  o  o,  acting  against  theslits^jp,  figs. 331 
and  337,  as  inclined  planes,  will  raise  or  lower  the  plate  B,  as  is  required. 
The  tool,  which  has  been  before  fixed  in  the  holders^  6,  can  be  set  at  the 
proper  an^e  by  loosening  the  screw  c,  as  previously  described?  and,  lastly, 
the  tool  with  the  holders  and  slider  a,  can  be  advanced  or  withdrawn  by 
working  the  screw  e.  The  nuts  q£  the  screws  e  and  A,  ig,  331»  are  not 
screwed  fiwt  to  the  sliding  plates,  but  are  held  by  two  pins  t,  fig.  335,  which 
fit  into  grooves  «,  fig.  334,  m  each  side  of  the  nut;  by  these  means  the  sliding 
piste  can  at  any  time  be  taken  out  by  only  unscrewing  one  of  the  brass 
slides  from  the  grooves  ^  without  taking  out  the  screw  or  nut.  In  order  to 
make  the  grooves  always  fit  their  slides,  the  two  pieces  of  brassy  y,  fig.  331, 
which  compose  the  sides  of  the  groove,  have  elliptic  holes  for  their  screws 
V,  so  as  to  admit,  when  the  screws  are  slackened,  of  beinr  pushed  inwimls 
by  the  screw  w,  which  works  in  a  lump  of  metal  cast  with  the  part  A  A.  ^ 

The  large  lathes  which  Mr  Maudslay  uses  'm  his  naBu- 
fiMtory,  ioatead  of  being  worked  by  the  foot,  as  represented 
in  fig.  326,  are  worked  by  hand ;  the  wheel  and  fly-wheel 
which  the  men  tarn  works  by  a  strap  on  another  wheel  fixed 
to  the  ceiling  directly  over  it ;  on  the  axis  of  this  wheel  ia  a 
larger  one,  which  turns  another  small  wheel  or  ptillef -fixed 
to  the  ceHing  directlj^  over  the  mandrel  of  the  lathe ;  and 
this  last  has  on  its  axis  a  Ifirger  one  which  works  the  mamrel 
D»  by  a  band  of  eatgut  These  latter  wheeh  are  fixed  in  a 
frame  of  cast-iron,  movable  on  a  joint ;  and  this  firame  has 
always  a  strong  tendency  to  rise  up,  in  consequence  of  the 
action  of  a  heavy  weight,  the  rope  from  which,  after  passtog 
over  a  pulley,  is  fastened  to  the  frame;  this  weight  not  only 
operates  to  keep  the  mandrel-band  tight,  when  applied  to 
any  of  the  grooves  therein,  but  always  makes  tbft  stcap  be- 
tween the  two  wheels  oo  the  ceiling  fit.  As  it  is  necessary 
that  the  workman  should  be  able  to  stop  his  lathe,  without 
the  men  stopping  who  are  turning  the  great  wheel,  there  are 
two  pulleys  or  rollers,  (on  the  axis  of  the  wheel  over  the 
lathe,)  (or  the  strap  commg  from  the  other  wheel  on  the  ceil- 
ing; one  of  these  pulleys,  called  the  dead  pullev,  ia  fixed  to 
the  azia  and  turns  with  it,  and  the  other  which  alipa  round  it, 
is  called  the  live  pulley  ;  these  pulleys  are  put  close  to  each 
other,  so  that  by  slipping  the  strap  upon  the  live  pulley,  it 
will  not  turn  the  axis;  but  if  it  is  slipped  on  the  other, 
it  will  turn  with  it ;  this  is  effected  by  a  horizontal  bar,  with 
two  upright  pins  in  it,  between  which  the  strap  passes.  This 
bar  is  moved  in  such  a  direction  as  will  throw  the  strap  into 
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the  live  pulley,  by  means  of  a  strong  bell-spring  ;  and  in  a 
contrary  direction  it  is  moved  by  a  cord  fastened  to  it,virhich 
passes  over  a  pulley,  and  bangs  down  within  reach  of  the 
workman's  hand;  to  this  cord  is  fastened  a  weight  heavy 
enough  to  counteract  the  bell-spring,  and  bring  the  strap  up- 
on the  dead  pulley  to  turn  the  lathe;  but  when  the  weight  is 
laid  upon  a  little  shelf,  prepared  for  the  purpose,  the  spring 
will  act  and  stop  it. 

Mr  Maudslay  has  likewise  some  additional  apparatus  for 
cutting  the  teeth  of  wheels,  in  which  the  face  of  the  mandrel 
D,  fig.  325,  has  seventeen  concentric  circles  upon  it,  each  di- 
vided into  a  different  number  of  equal  parts^  by  small  holes. 

There  is  a  thin  stop  x^  fig.  325,  which  moves  round  on  a  screw  fixed  in 
the  standard  F{  this  stop  is  made  of  thin  steel,  and  is  so  fixed,  that  when 
it  is  turned  up,  and  its  point  inserted  into  any  of  the  divisions  of  the  man- 
drel, it  wiU  hare  a  sufficient  spring  to  keep  it  there;  the  wheel  to  he  cut 
is  fiwtened,  by  means  of  a  chuck,  to  the  screw  n,  and  after  it  has  been  turn- 
ed, and  brought  to  the  proper  shape,  the  rest,  j,  is  to  be  taken  away,  and 
ihe  slide-tool  substituted;  a  square  bar  is  then  put  into  the  two  holders  b  bf 
fig.  331;  this  bar  has  two  branches  for  holding  the  ends  of  a  spindle,  near 
one  end  of  which  is  a  pulley,  and  at  the  oHxer  are  four  chisels  fixed  perpen- 
dicularly into  the  spindle  for  cutting  out  the  teeth,  (instead  of  the  drcuhr 
saw  commonly  used;)  the  pulley  is  turned,  (with  the  intervention  of  several 
wheels  to  augment  the  velocity,)  by  the  same  great  wheel  as  the  lathe* 
with  7300  revolutions  per  minute;  the  mandrel  is  then  fixed  by  the  stop  x» 
fig.  325,  and  the  cutter  advanced  towards  the  wheel,  by  the  screw  c,  fig* 
331.  When  it  has  cut  that  tooth,  the  cutter  is  withdrawn,  and  the  mandrel 
turned  to  another  division,  and  a  tooth  is  cut  again  as  before.  At  that  part 
of  the  frame  of  the  cutting-spindle  where  the  bar  which  is  fixed  in  the 
holders  of  the  slide-tool  connects  with  the  two  branches,  there  is  a  joint, 
by  which  the  cutting-spindle  can  be  set  in  an  inclining  portion  for  cutting 
oblique  teeth,  like  those  which  are  to  work  with  an  endless-screw.  The 
great  velocity  with  which  this  spindle  turns  soon  generates  by  firiction  and 
resistance  a  degree  of  heat  sufficient  to  expand  it  veiy  sensibly;  but  this  in- 
genious mechanist,  foreseeing  such  a  circumstance,  has  ju(Uciously  compen- 
sated for  it  in  his  construction,  by  making  the  spindle  so  short  as  to  play 
loosely  in  its  sockets  at  the  commencement  of  the  motion;  but  after  a  few 
seconds  the  expansion  is  such  as  to  cause  the  whole  to  fit  together  as  it 
ought  to  do,  and  the  work  of  cutting  to  proceed  with  accuracy  and  safety. 

Mr  Smart,  of  the  Ordnance-wharf,  Westminster,  has 
made  some  very  useful  improvements  in  the  art  of  tumipg, 
and  particularly  has  struck  out  a  simple  method  of  turning 
cylinders  and  cones  in  wood. 

His  turning  machine  is  illustrated  in  figs.  339  and  340,  where  the  legs  or 
stiles  L,  the  puppets  A  B,  the  cheeks  oo,  the  pikes  and  screws  M,  N,  B, 
with  the  handle  D,  are  but  slightly  varied  from  the  usual  construction. 
Round  the  mandrel  £  passes  a  band  F  F,  which  also  encompasses  a  large 
wheel,  not  shown  in  the  figure;  and  when  this  large  wheel  is  turned  round 
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with  modemte  svHftnest,  it  conrninnirates  a  rapid  rtioaty  to  the  mandrel  E, 
and  the  long  piece  of  wood  G,  which  is  proposed  to  be  made  cylindricaL 
This  piece  is  previously  hewn  into  an  octagonal  form.  The  cutting  frame 
H  contains  a  aliarp  iron  tool,  which  is  to  answer  the  purpose  of  the  common 
turning  goug^{  and  which  is  fitted  into  the  frame  so  as  to  p^ject  a  little 
beyond  its  inner  part,  after  the  manner  of  a  carpenter's  plane-iron  for  round 
or  ogee  work.  Then,  while  the  piece  G  is  turning  swmly  round  by  a  man 
working  at  the  great  wheel,  another  man  pushes  the  frame  H  gently  on 
from  L  towards  M,  the  lower  part  of  that  foune  fitting  between  the  cheeks 
o  0,  and  sliding  along  between  them.  By  this  process,  the  piece  G  is  re- 
duced to  a  cylinder,  moderately  smooth  { and,  in  order  to  render  the  smooth- 
ness as  complete  as  need  be,  a  second  cutter,  and  its  frame  I,  adapted  to  a 
rather  smaller  cylinder  than  the  former,  is  pushed  along  in  like  manner 
from  L  to  M.  This  operation  may  be  performed  with  such  speed,  that  a 
Tery  accurate  cylinder  of  six  feet  long,  and  four  inches  diameter,  may  be 
fixed  to  the  lathe  and  turned  in  much  less  than  a  minute. 

Mr  Sniart  turns  a  conical  end  to  one  of  these  cylinders 
with  great  facility,  by  means  or  a  cutting-blade  fixed  in  an 
iron  hollow  conical  frame  K,  the  smaller  end  of  which  admits 
the  pike  from  the  screw  S,  fig.  340,  to  which  one  end  of  the 
cylinder  6  is  attached ;  as  the  cylinder  turns  rapidly  round, 
the  cutter  K  is  conducted  gently  alon^  it  by  means  of  the 
hollow  frame,  and  soon  gives  the  conical  shape  to  the  end  of 
Uie  cylinder,  as  required. 

Some  important  directions  for  turning  screws,  ovals,  cubes, 
rose-work,  swath-work,  &c.  may  be  seen  in  Moxon^s  Me- 
dumic  Exercises:  see  also,  "Tour  pour  faire  sans  Arbre 
toutes  Sortes  de  Vis,"  par  M.  Orandjeau,  in  "  RecueU  des 
Madiines  et  Inventions  approuvies  par  FAcad.  Roy.  des 
Sciences,^*  tom.  v.  and  Mr  Healy's  method  of  cutting  screws 
in  the  common  turning-lathe. 

Previously  to  entering  upon  the  several  branches  of  our 
manufactures,  where  machinery  will  be  found  in  its  most 
complex  state,  it  may,  perhaps,  be  considered  not  altogether 
irrelevant,  if  we  take  a  cursory  view  of  the  manner  in  which 
we  have  conducted  the  reader  thus  far.  In  the  first  place, 
we  have  taken  up  the  subject  by  treating  of  the  Mechanical 
Powers,  and  the  attributes  of  matter,  as  if  he  were  totally 
unacquainted  with  the  science ;  and  having  given  him  every 
necessary  information  with  respect  to  the  fundamental  prin- 
ciples, have  then  proceeded  to  demonstrate  the  Moving 
Powers;  thus  progressively  leading  him  on  to  a  perfect  com- 
prehension of  the  invariable  laws  of  mechanics,  before  we  have 
ventured  to  introduce  to  his  notice  certain  simple  machines 
acting,  either  separately  or  conjointly,  as  accessors  to  our 
manufactures.  These  we  have  now  also  portrayed,  and  so 
amply,  that  we  feel  satisfied  he  will,  though  totally  destitute 
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of  the  science  at  the  comroeiicemeDt,  be  able  fiillj  toconpre. 
bend  and  appreciate  the  several  excellencies  of  the  various 
combioatioDS  which  will  now  be  unfolded  to  him. 

SIkicriidiam  of  the  Turmng-Laihe  inade  by  Rufos  Tyler, 
[  exhibited  at  the  Annual  Exhibition  of  the  FrankKa 
Institute  of  Pennsylvania,  1825,  comprising  the  improvements 
ol*  Messrs  Lukens,  Mason,  Clarke,  Baldwin,  and  others. 
Plate  ♦44. 

A,  the  shears  of  cast-iron,  ivpported  by  three  feet,  which  aerre  to  eomect 
tfkem  firmly  at  a  proper  distance  fit>m  each  other,  leaving  the  space  between 
tiiem  unobstructed  by  cross  bolts,  &c.  pemuttuig  the  wde  hc^and  rest  to 
be  taken  out  without  detaching  the  holdfiats;  the  inner  edges  are  bevelled, 
as  shown  in  fig.  3,  which  is  an  end  view  of  the  shears  and  foot. 

II,  the  standing  head,  cast  in  the  usual  way,  the  naadrel  ranning  in  a 
oonical  steel  eoUur,  as  in  section,  fig.  1.  The  chuck-screw,  fig.  4,  and  the 
drill  chuck,  C,  fig.  1,  are  slightly  conical,  and  are  nadefiist  in  the  mandrel 
by  the  key  D.  The  corneal  end  of  the  back  centre  is  truncated,  and  woits 
against  a  hardened  die,  inserted  into  the  mandrel  for  that  purpoee,  and  sus- 
tains the  pressure  in  drilling,  &c.  and  prevents  the  friction  vi^ch  the  acute 
angle  of  the  cone  would  otherwise  produce. 

£»  the  slide  head,  having  ml  angular  rib  screwed  underneath  and  cocrea- 
ponding  to  the  bevel  of  the  shears,  is  made  to  compensate  for  wearing  by 
mtroducing  a  thin  slip  of  metal  between  it  and  the  head. 

The  slide  bar,  F»  is  cylindrical,  and  is  enclosed  in  a  hidlow  cylinder, 
which  forms  die  top  of  the  head;  the  screw  has  a  left  hand  thread  and 
passes  into  the  slide  oar,  and  is  attached  by  a  collar  to  the  cylinder  of  the 
head,  which  secures  it  from  chips  and  dust    See  Section. 

Gt  the  rest,  grooved  undemeatii  to  reeeive  the  holdfast  as  at  fig.  5. 

The  lathe  is  screwed  to  atable,  which  is  supported  at  each  end  by  acase 
of  drawers,  leaving  a  space  between  for  the  wheel  and  treadle. 

The  wheel  is  of  cast-iron,  with  curved  arms,  to  prevent  breakingby  con- 
traction at  the  time  of  casting. 

From  the  back  part  of  the  treadle  is  raised  an  upright,  H,  fit>m  the  top  of 
wbieh  the  pitmai^  I,  ektends  to  the  crank. 

It  is  a  peculiar  property  of  the  crank  with  a  short  pitman 
to  turn  one  of  its  deaa  points  much  quicker  than  the  other;  in 
this  arrangement,  advantage  is  taken  of  that  peculiarity,  and 
the  slower  turn  is  at  the  bottom  of  the  tread;  the  reverse  of 
tbki  takes  place  in  the  common  mode,  and  the  treadle  is  too 
quickly  returned  upon  the  foot.] 

L^hnmcan  Slide  Rest,  as  made  by  Mason  and  Tyler,  of  Phi- 
ladelphia, including  the  improvements  of  other  machinists. 

A,  fig.  1,  plate  **44,  represents  a  piece  of  metal  grooved  underneath,  to 
recfeive  the  holdfast,  as  in  the  common  rest,  having  a  circular  projection  at 
B,  made  flat  at  the  top,  forming  a  bed  on  which  uie  circular  base  C  rests, 
and  is  held  fast  to  it  by  the  screw-bolt  D,  in  the  centre  of  the  base. 

E>  the  main-bar  connected  to  the  base  C  by  the  supports  F  F,  made  perfectly 
fiat  on  its  upper  surface,  having  the  edges  parallel  and  bevdled  under  to  fit 
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the  dore-tail  groove  in  the  lower  ndeof  the  miin  slide  G;  in  the  top  of  the 
main  slide  is  »  dove-tail  groove,  crossing  the  lower  groove  at  rig^t  angles, 
which  receives  the  cross  slide  1,  on  whick  the  catting  tool  b  plaoM,  and  may 
be  held  by  either  of  the  screws,  K. 

The  screw  H,  which  moves  the  main  dide,  is  supported  underneath  the 
edffe  of  the  main  bar  by  a  collar  P,  at  each  epd,  to  protect  it  from  chips,  &c. 
and  works  in  a  semicircular  nut,  T,  which  u  attached  to  the  main  slide .  TIia 
colbffs  P  P  being  smaller  than  the  screw,  permit  the  nut  to  pass  over  them 
and  the  slide,  to  be  taken  off  at  pleasure;  L,  a  screw  by  which  the  cross 
dide  is  moved;  it  passes  through  the  collar  M,  on  the  end  of  the  slide  I,  and 
works  in  a  nut  formed  in  the  bottom  of  the  poove.  At  each  end  of  the 
collar  piece  M  is  a  stop  screw  S,  used  in  turning  grooves  of  umform  depth, 
tie. 

From  the  foregoing  description,  it  is  obvious  that  the  cut- 
ting tool  may  be  moved  in  the  direction  of  either  slide,  or  in 
lines  at  right  angles  to  each  other. 

For  turning  cones,  cylinders,  concave  surfaces,  facing 
wheels,  &c.  the  rest  mav  be  turned  around  the  centre  pin  D, 
by  which  it  is  screwed  down  to  the  bed. 

It  is  believed  that  this  improved  rest  combines  all  the 
advantages  of  other  instruments  of  the  kind,  with  ffreater 
strength  and  firmness,  and  is  adapted  to  the  common  lathe.] 

[hrgnraved  Lever  PreeSj  by  Rufus  Tyler,  for  cutting, 
piercing,  &c. 

A,  fig.  3,  plscte  **44,  die  body  of  the  pressi  Bf,  a  cylindrical  slide  working 
in  the  box  C,  and  is  connected  to  the  lever,  D,  by  the  plates  E  £,  a  piece  or 
steel*  F,  is  introduced  between  the  top  of  the  slide  and  the  lever,  as  seen  in 
fig.  3,  the  use  of  which  is  to  present  sufficient  sur&ce  to  sustain  the  pressure, 
and  to  preserve  as  nearly  as  possible  the  uniform  distance  of  the  centres, 
which  connect  them. 

G  is  apunch  or  cutter,  the  conical  shank  of  which  is  accurately  fitted  to  a 
corresponding  hole  in  the  bottom  of  the  slide. 

The  die  seat  I,  is  a  ciroular  block  of  metal,  expanding  into  a  flanch  at  the 
bottom,  by  which  the  hooks  K  K  hold  it  firmly  down  upon  the  flat  bed  upon 
iHiich  it  rests. 

By  thb  arrangement  the  most  intricate  and  delicate  dies  may  be  set  with 
great  fiunlity  and  the  utmost  accuracy,  by  any  inexperienced  person. 

L  is  a  stop  screw,  to  prevent  the  cutter  from  entering  too  deep  into  the 
lower  die. 

The  power  is  applied  by  the  foot  at  the  treadle  M,  which  has  a  counter 
balance  at  N.] 


Digitized  by 


Google 


336  THE  OPERATIVE  MECHANIC 


IRON  MANUFACTURE. 

Works  for  the  manufacture  of  iroo,  owing  to  the  great 
sums  necessary  to  be  expended  in  their  erection,  have,  till 
within  these  few  vears,  been  confined  to  a  very  limited  scale ; 
but  the  spirit  ot  enterprise  which  has  of  late,  and  more 
especially  since  the  French  revolution,  manifested  itself  in 
nearly  the  whole  of  our  manufactures,  conjoined  to  the  im- 
mense capitals  acquired  by  many  individuals,  and  the  diffi- 
culty of  employing  them  to  a  better  advantage,  have  given 
to  the  manufacture  of  this  highly  valuable  metal  a  more  de- 
cisive character. 

The  ores  from  which  the  metal  is  extracted  are,  in  this 
country,  found,  in  general,  to  consist  of  iron  united  with 
oxygen  and  various  proportions  of  earthy  matter. 

The  earthy  matter  in  a  state  of  combination  with  the  iron 
may  be  divided  into  two  classes ;  the  one  called  argiUaceauSy 
from  abounding  in  excess  of  alumine,  or  clay  ;  the  other  cal- 
careouSf  from  abounding  in  lime.  The  former  is  by  far  the 
most  common ;  indeed  it  is  owing  to  the  ore  being  so  fre- 
quently met  with  in  an  argillaceous  state,  that  iron-masters 
are  so  very  inattentive  to  its  quality,  and  that  we  sometimes 
see  them  use  limestone  as  a  flux  when  the  ore  already 
abounds  with  calcareous  ingredients. 

Both  lime  and  clay^  when  separately  subjected  to  the  usual 
beat  of  the  blast-furnace,  are  infusible ;  but  on  being  mixed 
together  in  certain  proportions,  are  too  fusible  even  for  the 
common  purposes  of  brick-making.  An  alloy  of  two  metals 
is  also  fusible  at  a  temperature  much  less  than  the  arith- 
metical mean  of  the  metals  themselves. 

Such  being  the  case,  it  is  much  to  be  regretted,  that  iron- 
masters, in  general,  are  so  very  ignorant  of,  and  inattentive 
to,  the  fusibility  of  the  different  combinations  of  the  iron  ores, 
which  causes  them  so  frequently  to  be  at  a  loss  what  to  add 
to  the  furnace  in  order  to  produce  the  most  fusible  cinder. 
An  analysis  of  the  ore,  by  which  they  might  learn  the  rela- 
tive proportions  of  its  earthy  constituents,  and  the  quantity 
of  limestone  or  clay  to  be  added  as  a  flux,  would,  in  the  end, 
prove  much  to  their  advantage. 

In  the  usual  process  of  smelting,  the  coke  is  always  a  fixed 
quantity,  and  the  proportions  of  ore  and  limestone  are 
varied  according  to  the  quantity  of  iron  to  be  made,  and  the 
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working  order  of  the  furnace.  lo  proportion  to  the  quantity 
of  liine  and  ore  that  is  added  to  the  standard  quantity  of  the 
eok^,  the  furnace  is  said  to  carry  a  greater  or  less  burthen. 
Some  furnaces  carry  so  little  burthen  as  not  to  produce  more 
than  13  or  14  tons  per  week;  whilst  others,  with  the  same 
sized  furnace,  will  yield  60  and  even  70  tons  in  an  equal  time. 
The  burthen  of  the  last  mentioned  furnaces  is  very  great,  the 
ore  to  the  coke  being,  in  some  cases,  as  13  to  7.  The  qual- 
ity of  the  iron  is  uniformly  inferior. 

The  burthen  of  the  furnace  will  vary  according  as  the  iron 
to  be  made  is  required  to  possess  more  or  less  carbon ;  for 
instance,  in  making  No.  1,  or  the  best  iron,  which  contains 
the  greatest  portion  of  carbon,  the  burthen  must  be  consider- 
ably less  than  that  required  to  make  leas  carburetted  iron,  or 
what  is  called  white-iron,  or  forge-pig. 

To  afford  a  general  idea  of  the  proportions  of  the  materials, 
we  shall  state  the  quantities,  given  by  Mr  Mushett,  as  used 
at  a  blast-fiirnace,  making  goo^  melting  iron,  which  is  of  an 
intermediate  quality  between  No.  1  and  the  forge-pig.  The 
ore  is  argillaceous,  containing  on  the  average  about  27  per 
cent  of  iron  ;  the  coal  rather  soft,  but  not  very  bituminous, 
and  contains  a  large  proportion  of  carbonaceous  natter ;  and 
the  limestone,  which  is  that  abounding  in  shells,  from  Critch, 
in  Derbyshire,  is  very  good.  It  works  with  a  bright  tuyere, 
and  receives  from  the  blast  about  2,500  cubic  feet  in  a 
minute,  through  a  circular  aperture  of  2|  inches  in  diameter. 

It  is  usual  at  this,  and  most  other  furnaces,  to  divide  the 
men  into  two  classes,  one  class  to  relieve  the  other  every  12 
hours ;  these  periods  are  called  shifts.  The  average  charges 
of  coke  per  shift  are  50,  (each  21  cwt.)  or  about  six  tons. 
The  quantity  of  calcined  ore  for  the  manufacture  of  good 
melting  iron  is  upon  a  par  with  the  coke;  and  for  forge-pig, 
or  the  least  carburetted  variety,  six  of  coke  to  seven  of 
ore*  The  limestone  unburnt,  under  the  same  circumstances, 
is  to  coke  as  4  to  11 ;  and  for  melting  metal  retains  a  similar 
ratio.  With  the  above  charge  per  day,  that  is,  for  twelve 
boors,  this  furnace  makes  on  the  average  about  40  tons  melt- 
ing iron  per  week. 

After  the  ore  is  dug,  it  is  drawn  from  the  pit  by  the  power 
of  steam-engines;  it  is  then,  in  order  to  extract  the  arsenic 
and  sulphur,  subjected  to  a  process  called  rqastinj^.  This 
process  consists  in  laying  the  ironstone  in  strata  with  refuse 
pit-coal,  called  in  Staffordshire  slackj  and  setting  fire  to  it  on 
the  windward  side,  burning  it  in  large  heaps  in  the  open  air. 

When  the  ore  has  been  roasted,  it  is  taken  to  the  smelting 
2  S 
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or^blast  furnace,  the  lower  part  of  which  is  filled  with  either 
charcoal  or  coke ;  the  coke  is  always  a  fixed  quantity,  and 
the  proportion  of  limestone  added  to  the  ore  is  according  to 
the  quantity  of  heterogeneous  matter  with  which  the  metal 
is  combined. 

A  section  of  the  blast^lurn&ce  is  represented  in  fig^.  346.  A,  at  the  top  of 
the  furnace,  is  an  opening  for  the  introduction  of  the  materials;  B,  the  body 
of  the  furnace;  C,  the  place  where  the  blast  is  introduced;  and  D,  a  caidty 
to  receive  the  metal  when  released  from  the  earthy  matter. 

The  materials  in  the  furnace  are,  previously  to  the  intro- 
duction of  the  blast,  heated  simply  by  the  draught  of  the 
atmosphere;  the  coke  and  limestone  to  a  bright  red  or  white 
heat,  and  the  iron-ore  to  a  melting  heat. 

When  the  blast  is  introduced,  the  metal  immediately  above 
it  is  brought  into  a  state  of  fusion,  and  penetrates  through 
the  fuel  into  the  cavity  D.  The  ore  and  fuel  that  were  above 
it  sink  down  to  fill  up  the  space  left  by  the  ore  melted  and 
the  fuel  consumed^r  This  next  comes  under  the  operation  of 
the  blast,  and  is  similarly  reduced. 

The  men  who  attend  the  furnace  keep  adding  fuel,  ore, 
and  limestone,  through  the  opening  A,  at  the  top,  and  the 
operation  of  smelting  goes  on,  until  the  melted  iron,  in  the 
cavity  D,  rises  nearly  to  a  level  with  the  tuyere-irons,  or 
blast-^ipes. 

The  melted  iron  is  then  tapped,  by  driving  a.roufld-poinW 
ed  bar  into  a  sort  of  loam,  with  which  the  hole  is  stopped, 
and  run  into  moulds  made  in  sand ;  in  this  slate  it  is  called 
pig  or  cast-iron. 

When  the  slag,  in  smelting,  has  a  a  greenish-gray  appear- 
ance, it  is  a  certain  sign  that  the  furnace  is  in  excellent  or- 
der ;  and  when  the  colour  changes  to  black,  it  denotes  thaii 
something  is  going  wrong. 

In  making  the  best  iron,  called  Na.  1,  which  possesses  the 
greatest  quantity  of  carbon,  it  frequently  happens  that  a  por- 
tion of  the  iron  will  unite  with  a  great  excess  of  carbon,  and 
as  this  carburet  is  less  fusible  than  the  iron,  it  will,  previously 
to  the  iron  entering  into  the  pig-moulds,  be  seen  floating  at 
the  top  in  the  form  of  sbales.  The  appearaneeof  this  sub- 
stance, called  by  the  workmen  kieh,  is  a  sign  that  the  fur- 
nace is  working  the  best  sort  of  iron ;-  indeed  it  is  so  commoa 
an  attendant  on  the  production  of  the  most  highly  carboniz- 
ed iroa,  that  the  workmen  have  applied  the  term  kiakjf  to 
that  peculiar  sort  of  iron. 

The  limestone  and  the  earths  being  much  lighter  than  the 
metal,  float  upon  its  surface,  and  gradually  rising  as  the  metal 
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accumalateff,  is  ultimately  discharged  over  a  dam-stone^ 
which,  though  at  right  angles,  we  have  represented  by  the 
dotted  lines  enclosing  the  letter  I.  T  is  called  the  lymp- 
stone^  and  forms  a  bridge  over  the  cavity  in  which  the 
liquid  cibder  rises;  t  is  the  lymp-plate,  to  give  the  stone 
greater  firmness,  as  6,  which  is  called  the  dam-plate^  does 
the  dam-stone.  The  cinder,  if  not  taken  to  mend  the  roads, 
is  thrown  away  as  useless. 

Sometimes  two  blasts  are  introduced,  as  may  be  seen  in  fig^.  347.  That 
blast,  and  tbat  furnace,  which  can  reduce  the  g^atest  quantity  of  fuel  in  a 
certain  time,  will  always  produce  the  greatest  quantity  of  iron. 

^he  blast  conveyed  into  the  furnace  is  from  1,000  to  4,000 
feet  per  minute ;  and  it  is  worthy  of  remark,  that  the  quantity 
of  metal  fused  does  not  agree  with  the  ratio  of  the  blast;  for 
instance,  a  blast  of  1,500  feet  per  minute  will  manufacture 
20  tons  of  melting  iron  per  week;  a  blast  of  3,000  only  30 
tons,  and  a  blast  of  6,000,  which  is  double  the  last,  and  four 
times  the  amount  of  the  first  blast,  only  36i  tons  per  week ; 
and  again,  a  blast  of  2i  lbs.  per  square  inch  will  manufacture 
from  22  to  23  tons  per  week  ;  while  two  pipes  of  the  same 
diameter  as  the  last,  with  a  blast  of  3  lbs.  per  square  inch, 
will  never  exceed  30  tons. 

In  the  summer  months,  owing  to  the  increased  tempera- 
ture of  the  atmosphere,  the  furnaces  yield  little  better  than 
one  half  the  quantity  that  they  do  in  winter,  and  the  iron  is 
of  an  inferior  quality.  In  some  manufactories,  by  adding  a 
greater  quantity  of  fuel,  the  quality  of  the  iron  is  preserved; 
but  in  others  no  addition  of  fuel  will  compensate  for  the 
deficiency  either  in  quality  or  quantity. 

In  presenting  the  section  of  a  blas^^-furnace,  represented  in 
fig.  346,  we  do  not  pretend  to  recommend  it  as  the  best  form 
of  construction.  Different  iron-masters  have  variously  con- 
structed their  furnaces,  and  as  each  of  them  can  boast  of  be- 
ing in  some  degree  successful,  it  were  needless  to  give  a  de- 
scription of  any  particular  one ;  we  shall  therefore  briefly 
mention,  that  of  whatever  materials  the  buildings  be  made, 
care  should  be  taken  that  they  contain  no  more  moisture 
than  is  absolutely  necessary  for  their  proper  construction. 

In  the  erection  of  the  wall,  a  space  of  about  six  inches 
should  be  lefl  from  the  bottom  to  the  top ;  in  this  aperture 
small  fragments  of  sand  stone,  not  exceeding  the  size  of  an 
egg,  may  be  introduced,  so  that  when  the  expansion,  pro- 
ceeding from  the  fire-building  of  the  interior,  causes  the 
bricks  immediately  in  contact  to  push  outwards,  the  masses 
of  sand-stone  are  instantly  reduced  in  size,  and  filling  the 
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interstices  occasioned  bjr  their  former  angular  sbapctoccopy 
much  less  space,  and  present  to  the  flame  or  fire,  should  it 
be  inclined  to  penetrate  so  far,  a  solid  vertical  stratum  of 
sand,  after  having  secured  the  expansion  of  the  furnace  to  the 
extent  of  some  inches.  The  effects  of  the  pressure  are  thus 
diverted  from  the  shell  of  the  building,  and  lost  in  the  pul- 
verization of  the  sand-stone. 

The  advantages  resulting  from  this  plan  may  be  nearly 
doubled,  by  using  a  double  lining  of  fire-bricks,  between  each 
of  which  and  the  common  building  a  similar  vacancy  should 
be  left,  but  filled  with  sharp  sand,  containing  no  nM>re  mois- 
ture than  serves  to  compact  it  in  a  firm  body  >  as  this-moisture 
becomes  gradually  expelled  in  the  slow  heating  or  annealing 
of  the  furnace,  the  sand  occupies  less  bulk,  or,  which  is  the 
same  in  effect,  is  then  susceptible  of  a  greater  degree  of  com- 
pression when  the  gradual  expansion  of  the  furnace  comes 
on.  It  is  evident  that  the  force  is  here  also  diverted  against 
the  sand,  in  place  of  acting  immediately  with  a  tendency  to 
enlarge  the  circumference  of  the  building. 

Over  and  above  these  precautions,  the  annealing  or  drying 
of  the  furnace  in  a  progressive  and  regular  manner  ought  to 
be  carefully  attended  to,  and  continued  for  two  or  three 
months  at  least. 

Many  oftethods  have  been  adopted  to  obtain  a  regular  and 
uniform  blast.  The  first  that  we  shall  notice,  and  which  is 
in  pretty  general  use,  is,  by  discharging  the  air  from  the 
blowing-cylinder  into  an  intermediate  cylinder  of  larger 
diameter,  called  the  regulator ;  in  this  vessel  is  a  loose  piston, 
which  is  forced  up  by  the  air  from  the  blowing-cylinder,  and 
being  weighed,  it  desc-eads  during  the  returning  stroke,  and 
continues  to  press  the  air  into  the  furnace,  by  which  means 
a  more  steady  and  uniform  blast  is  kept  up  than  would  be 
eflected  by  the  first  cylinder  alone. 

As  this  method  of  regulating  the  blast  has  been  found  to 
be  far  from  perfect,  other  means  have  been  resorted  to  with 
a  view  of  obtaining  the  desired  end.  The  one  called  the 
water-regulator  consists  of  a  large  cistern,  in  which  another 
of  less  area  and  capacity  is  inverted.  Through  the  bottom 
of  the  smaller  cylinder,  which  is,  from  its  being  inverted, 
uppermost,  a  pipe  communicates  with  the  blowing-cylinder. 
This  inner  cistern  is  filled  with  water,  as  is  also  the  space 
between  the  inner  and  outer  cistern  to  the  same  level.  Now, 
supposing  the  air  to  be  forced  from  the  blowing-cylinder 
through  the  above-mentioned  pipe  into  the  inner  cistern,  the 
water,  being  displaced  by  the  air,  will  descend  in  the  inner 
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catern,  mh)  rise  ap  between  the  two  Tesseli  till  the  coIuoid 
of  water  on  the  outside  be  equal  to  the  required  force  of 
the  blast ;  this  column  would  be  about  4  lbs.  upon  a  square 
inch,  and  about  nine  feet*  Another  pipe  proceeds  from  the 
same  cavity  in  the  inner  vessel  to  the  furnace,  and  communi- 
cates nearly  a  uniform  blast,  varying  only  with  the  outer 
column  of  water,  which  will  be  less  as  the  outer  surface  of 
the  water  is  greater. 

This  contrivance,  though  for  some  time  considered  an  im- 
portant discovery,  has,  in  many  instances,  been  abandoned, 
owing  to  its  carrying  water,  both  in  a  state  of  spray,  produc- 
ed by  the  agitation,  and  in  a  state  of  vapour,  into  the  fur-* 
nace,  by  which  both  the  quality  and  quantity  of  the  iron  was 
materially  afiected. 

Another  mode  has  been  attempted  to  equalize  the  blast, 
called  the  air-vault.  The  first  experiment  of  this  nature  was 
tried  at  the  Clyde  iron- works,  by  excavating  a  large  cavity 
in  a  rock,  into  which  the  air  was  forced  by  the  blowing  ma- 
chine ;  but  the  trial  was  unattended  by  success,  partly  from 
the  vault  not  being  air-tight,  and  partly  from  the  moisture 
which  exuded  from  the  rock  mixing  with  the  air. 

A  mord  successful  experiment  was  made  at  the  Carron 
iron-works.  An  air-vault  of  wrought-iron  plate  has  been 
employed  in  one  of  the  furnaces  at  Bradley,  in  Staffordshire, 
which  appears  to  answer  very  well.  Its  form  is  a  cylinder 
about  10  or  1^  feet  diameter,  and  50  or  60  feet  long. 

According  to  an  average  deducetl  from  a  scries  of  experiments  made  by 
Hr  David  M ushett,*  it  appears  that  when  the  outer  air  was  from  63^  to  68**, 
the  air  immediate^  after  its  escape  -  from  the  blowing  cylinder  into  a  re- 
ceiving vessel,  was  increased  frx>m  63^  to  SO*",  and  frx>m  68^  to  99i<^.  In  an 
average  of  thirty  experiments  the  air  in  the  act  of  condensing  was  nused 
30".  This  would  have  the  effect  of  increasing  its  volume  not  less  than  1-33 
of  the  whole,  and  the  increased  pressure  of  the  blast  by  this  cause  alone* 
would  be  nearly  half  a  pound  upon  an  inch.  Or,  in  other  words,  if  the 
air  were  introduced  into  the  furnace  at  60^,  the  same  quantity  would  be 
admitted  with  half  a  pound  less  pressure  upon  an  inch  than  if  it  were 
90^.  Hence  any  means  of  cooling  the  air  after  its  condensation,  in  all 
seasons  of  the  year,  must  be  attended  with  beneficial  consequences.  If  the 
air*vault  were  made  of  wrought-iron,  and  its  surface  constantly  kept  wet, 
the  evaporation  from  so  great  a  surface,  if  freely  exposed  on  all  sides  to  the 
air,  would  cool  the  air  very  connderably.  Indeed,  without  the  aid  of  the 
moisture,  the  effect  would  be  such  as  to  recommend  its  adoption.  It  was 
supposed,  that  in  the  summer  season  there  would  be  some  advantage  in 
bringing  the  air  under  ground  for  a  considerable  distance  before  it  entered 
the  blowing  machine;  but  the  remstance  arising  fhnn  the  friction  on  the 


*  Edinburgh  Eneyelopmdiih  Dr  Brewster,  4to. 
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sides  of  the  channels  through  which  it  roust  pass  has  been  found  to  be  aii 
obstacle  that  overrules  it 

The  pig-iron  which  has  the  smallest  portion  of  carbon  is 
the  best  adapted  for  conversion  into  malleable  iron  :  and  as 
a  proof  that  the  piff-iron  has  only  to  lose  its  carbon  to  become 
malleable,  we  shall  state  the  fact,  that  we  have  in  this  coun- 
try, at  this  present  time,  many  manufactories  upon  a  large 
scale,  for  the  express  pilrpose  of  converting  articles  made  of 
cast-iron,  such  as  nails,  cutlery,  &c.  into  iron  perfectly  mal- 
leable, without  altering  in  the  slightest  degree  the  figure 
given  to  them  in  the  casting.  We  have  even  seen  nails  made 
in  this  way  welded  together,  and  when  cold  bent  at  right  an- 
gles in  a  vice. 

The  method  of  releasing  the  pig-iron  of  its  carbon,  or  of 
converting  it  into  what  is  called  wrought  or  malleable  iran^ 
is,  by  placing  it  in  an  open  furnace,  termed  a  refinery,  and 
by  some  a  run-out  furnace,  heated  by  cokes,  and  subjected 
t0  the  operation  of  a  very  powerful  blast.  The  pig-iron  is 
laid  upon  the  cokes,  and  is  soon  melted,  leaving  much  of  its 
impurity  behind.  This  is  termed  refining  it.  The  metal 
when  melted  is  run  into  plates,  about  four  inches  thick,  and 
as  soon  as  it  becomes  set,  is  thrown  into  water  which  makes 
it  more  frangible,  and  easier  to  be  broken. 

The  refining^  furnace  is  represented  in  figs.  348  and  349*  A  is  a  recess, 
or  troug^h,  made  of  cast  metal,  havings  a  bottom  of  fire-stone  or  brick.  This 
recess  is  surrounded  on  three  sides  by  a  cavity,  throug'h  which  water  is  con- 
stantly passing  from  the  cistern  C;  pp  are  two  pipes  connected  with  the 
blowing  machine,  and  entering'  into  conical  openings  in  the  refining  furnace. 
These  pipes  are  kept  cool  by  water  from  the  pipe  a,  which  runs  offatihe 
pipe  bee,  B  is  a  snallow  recess,  about  four  inches  deep,  to  receive  the 
melted  mass. 

When  the  cake  of  metal  is  broken  into  lumps  of  a  con- 
venient size,  it  is  taken  to  the  puddling  furnace,  where  it  is 
heated  with  coals,  without  the  aid  of  an  artificial  blast.  As 
soon  as  the  metal  becomes  heated,  and  begins  to  melt,  or  has 
a  frosty  appearance,  the  furnaceman  throws  in  a  small  quan- 
tity of  water  to  keep  it  at  a  proper  temperature,  and  keeps 
stirring  and  moving  it  about,  so  that  the  carbon  makes  its 
escape.  The  water  that  is  thrown  in  to  preserve  the  tem- 
perature also  assists  in  some  degree  the  decarbonization. 
The  quality  of  iron  depends  much  upon  the  attention  that 
is  paid  to  it  during  this  process. 

When  the  iron  is  deprived  of  the  carbon,  or  fusible  pro- 
perty it  before  possessed,  the  furnaceman  rolls  it  up  into 
balls  of  one-half  or  three-quarters  of  a  cwt.  each.     It  is  then 
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brought  out  of  the  furnace  and  placed  under  a  tiit-hanlitiery 
or  passed  through  the  rolls,  or  rollers,  which  consolidates  it» 
and  forces  out  more  of  the  impure  parts.  A  considerable  loss 
in  weight  is  sustained  in  this  process,  not  only  from  the  iron 
losing  its  impurities,  but  also  from  the  surface  of  the  bloom 
or  bar  oxydizing  and  falling  off  in  scales  whilst  being  work- 
ed. The  loss  which  is  thus  sustained  in  weight  is  generally 
estimated  at  one-sixth  or  one^seventh  of  the  whole. 

A  section  and  elevation  of  the  puddling  furnace  is  represented  in  fig,  350;. 
A  is  the  door  for  the  admission  of  metal,  having  a  snudl  square  hole  h^  for 
the  introduction  of  the  rake  and  other  tools  used  by  the  fhmaceman.  B  is 
the  chimney;  C  the  ash-pit;  and  D  the  grate.  At  £  is  a  circular  cavity, 
where  the  prepared  metal  is  laid,  and  the  flame  passes  over  it  up  the  chim- 
ney B.  The  heat  of  the  furnace  b  so  intense  that  without  having  the  door 
for  a  guard,  and  the  small  hole  h  for  the  introduction  of  the  implements, 
the  fumaceman  could  not  approach  it;  nor  indeed  can  he  as  it  is  without 
suffering  g^eat  inconvenience.  The  hole  is  dso  of  use  for  him  to  look 
into  the  furnace  to  observe  how  the  work  is  gfoing  on.  At  first  the  light  is 
too  intense  to  be  borne,  but  by  practice  the  eye  at  leng^  becomes  accus- 
tomed to  it,  and  is  able  perfectly  to  distinguish  the  different  masses  as  they 
lay  in  the  furnace. 

The  iron  having  undergone  this  process  is  taken  to  the 
shears  and  cut  into  lengths  of  about  one  or  two  feet,  and  in 
order  to  impart  closeness  and  solidity  is  piled  into  pieces  of 
seven  or  eight  together,  and  heated  in  another  furnace,  very 
similar  to  the  one  just  described.  There  is  no  occasion  this 
time  to  remove  them  about,  for  the  iron  having  lost  its  car- 
bon is  infusible.  When  it  is  of  a  sufficient  heat,  which  the 
furnaceman  from  practice  can  easily  tell  by  his  eye,  it  is  again 
brought  to  either  the  hammer  or  the  rollers,  and  is  worked 
into  a  bar.  This  is  called  No.  2  iron.  Again,  further  to  im- 
prove the  quality,  it  is  cut  up,  piled,  and  worked  over  again ; 
and  is  then  called  No.  3,  or  best  iron.  The  more  the  iron  is 
worked  the  purer  it  becomes,  and  the  grain  becomes  more 
closely  united  ;  but  of  course  it  becomes  more  expensive. 

Two  kinds  of  hammer,  moved  by  machinery,  are  used  in  iron-works. 
The  one  called  the  forge-hammer  is  represented  in  fig.  353.  The  first  mover 
gives  motion  to  the  shaft  A  A,  by  means  of  a  cog-wheel  acting  upon  the 
pinion  U.  The  shaft  is  regulated  by  a  fly-wheel  C,  and  has  at  the  furtlier 
end  a  number  of  co£^  which  by  passing  under  tlie  shaft,  or  helve,  D,  lift 
the  hammer  £.  F  is  a  strong  horizontja  beam,  inserted  in  the  post  G,  and 
loaded  with  heavy  pieces  of  metal,  at  H,  to  prevent  it  receiving  motion 
from  the  hammer.  Another  large  beam  of  wood,  made  of  either  oak,  or 
ash,  but  most  frequently  the  latter,  is  inserted  in  the  posts  1  K.  The  ham- 
mer in  its  ascent  strikes  against  this  beam,  called  the  rabbit,  which  by  its 
elasticity  reacts  upon  the  hammer,  and  causes  it  to  descend  with  greater 
velocity  than  would  be  produced  by  gravity  alone. 
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The  constniciioD  of  a  Htt-Aommer  differs  from  that  of  the 
forge,  by  being  poised  on  a  centre  of  motion,  about  the  mid- 
dle, or  two-thirds  of  the  length  of  the  helve  from  the  head, 
and  from  receiTing  its  motion  from  coffs  acting  upon  the  tail 
of  the  helve.  In  some  few  cases  the  ash  spring  is  placed  over 
the  head  of  the  hammer  simllariv  to  that  above  described  ; 
but,  in  genera],  the  tail  of  the  helve  is  made  to  strike  against 
a  fixed  floor,  and  the  hammer  from  the  force  it  has  received 
continuing  to  rise  after  the  tail  strikes  the  floor,  the  helve 
bends,  and  by  its  elasticity  causes  the  hammer  to  descend 
with  greater  force  upon  the  anvil. 

The  Hk-hammtr  it  represented  in  fig^.  354.  It  is  taken  from  %  tih-imH 
made  at  the  Carron  iron-works  in  Scotland,  after  dengns  of  the  celebrated 
Mr  Sroeaton.  It  is  adapted  for  fonrinf^  iron  into  ban.  The  description  Is 
extracted  from  Dr  Rees's  CydoptMitu 

Having  described  the  manner  in  which  the  tilt-hammer  is  connected  with 
the  first  morer,  (drawings  of  which  mkj  be  seen  in  the  work,)  the  author 
proceeds  to  explain  the  figure  above  referred  to;  e  the  iron  head  of  the  ham* 
mer,  /  its  centre  of  motion,  and  d  the  tail  or  extreme  end,  upon  whidi  the 
cogs  of  the  wheel  act,  and  which  b  plated  with  iron  on  the  upper  side,  to 
prevent  it  from  wearing. 

P  is  the  anvil  block,  which  must  be  placed  on  a  veiy  fimi  ftrandation,  to 
renst  the  incessant  shocks  to  which  it  b  subjected:  the  centre,  f^  or  axbof 
the  hammer,  is  supported  in  a  cast-iron  frame  |f,  A,  called  the  hirst  When 
the  cogs  of  the  wheel  strikes  the  tail  of  the  hammer  suddenly  down,  and 
raise  the  head,  the  lower  nde  of  the  tail  of  the  hammer  strikes  upon  a  sup- 
port n,  which  acts  to  stop  the  ascent  of  the  head  of  the  hammer  e,  when  it 
arrives  at  the  desired  height;  but  as  the  hammer  is  thrown  up  with  a  consi- 
dtimble  velocity  as  weU  as  force,  the  efTort  of  the  head  to  continue  its  mo- 
tion, after  the  Uil  strikes  the  stop  n,  acts  to  bend  the  helve  L  of  the  ham- 
mer, and  the  elasticity  of  the  helve  recmls  the  hammer  down  upon  the  anvil 
with  a  redoubled  force  and  velocity  to  that  which  it  would  acquire  from  the 
action  of  gravity  alone. 

To  c^tMn  thb  action  of  recoil,  the  hirst  g  h  must  be  held  down  as  firmFy 
as  possible)  and  for  this  purpose,  four  strong  iron  bolts  are  earned  down 
from  the  four  angles  of  the  bottom  plate  h^  and  made  fast  to  the  solid  basis 
of  stone  R  R,  upon  which  the  whole  rests;  upon  thb  baab  are  placed  four 
layers  of  timber,  ik  Im,  which  are  laid  one  upon  another,  and  the  timbers 
of  each  layer  are  laid  cross-ways  over  the  others.  Each  layer  con^sts  of  se- 
veral pieces  laid  side  by  side,  and  they  are  slightiy  treenailed  together,  to  form 
a  pUtform.  Each  platform  is  rather  leas  than  that  upon  whic£  it  rests;  so  as 
.  to  form  a  pillar  of  solid  timber;  on  the  top  of  which  the  hirs^frame,  gK'^ 
placed,  and  firmly  held  down  by  the  four  bolts,  which  deacend  tiiroogh  aD 
thephoforms,  and  have  secure  fiwtenings  in  the  sofid  masoniy  beneatL 

The  stop  n  b  supported  by  a  similar  pillar,  but  smaller,  and  composed  of 
three  layers:  the  upper  piece  fi,  which  b  seen  cross-wa3rs,  b  about  three  feet 
long,  and  the  under  ude  b  hollowed,  so  that  tiie  piece  bears  only  upon  the 
two  ends,  leaving  a  vacancy  beneath  it,  which  occasions  it  to  bead  or  spring 
every  time  the  tail  d  of  the  hammer  strikes  upon  it,  and  this  aids  tke  re- 
coiling action  verv  much. 

The  axis  on  wnich  the  hammer  moves  b  formed  by  a  ring  of  cast4rony 
through  which  the  helve  of  the  hammer  b  put,  and  held  fast  by  wedging 
roimd  it    The  ring  has  a  projecting  trunnion  on  each  ade,  ending  in  an 
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obtuie  conical  point,  which  b  received  in  a  socket fiimlj  fixed  in  the  hint- 
frame  g  hfhy  screws  and  wedges,  one  of  which  is  seen  at  r.  These  two 
sockets  are  thus  capable  of  adjustment,  so  as  to  make  the  hammer  &ce  fall 
flat  upon  the  anviL 

In  the  Carron  iron-works,  three  hammers  are  worked  fVom  the  same 
shaft.  In  ^uch  case  it  is  necessary  to  have  the  three  wheels  that  com- 
municate motion  to  their  respective  hammers  of  different  sizes  and  numbers 
of  cogs  to  produce  that  velocity  in  each  hammer  which  is  best  adapted  for 
the  work  it  is  to  perform:  thos  the  wheel  for  the  hammer,  which  is  repre^ 
sented  in  fig.  352,  has  eight  cogs,  and  therefore  produces  eight  blows  of  the 
hammer  for  each  revolution  ^  the  fly-wheel{  the  wheel  for  the  middle 
hammer  has  12  co{^;  and  the  wheel  for  the  smaller  hammer  16;  the  lat- 
ter wiU  therefore  make  two  strokes  for  every  one  of  the  g^reat  hammers. 
In  fixing  the  three  wheels  upon  the  great  riiaft,  care  is  taken  that  they  shall 
produce  the  blows  of  the  different  hammers  in  regular  succession,  and 
equalize  as  much  as  possible  the  force  which  the  water-wheel  must  exert. 
The  wheels  are  fixed  on  the  shall  by  means  of  a  wedging  of  hard  wood, 
driven  in  all  round;  the  wood  being  capable  of  yielding  a  little  to  the  shocks 
occasioned  by  the  cogs  meeting  the  tails  of  the  hammers,  renders  the  con^ 
cussion  less  violent. 

The  following  are  the  principal  dimensions : 

The  head  of  the  great  hammer  weighs  3^  cwt.  and  it  is  intended  to  make 
150  blows  per  minute;  it  is  lifted  17  inches  from  the  anvil  at  every  blow. 

The  middle  hammer  is  2  cwt  and  makes  225  blows  per  minute;  it  is 
lifted  14  inches  each  time. 

The  small  hammer  weighs  1)  cwt  and  makes  300  blows  per  minute;  it  is 
lifted  only  IS  inches. 

To  produce  these  velocities,  the  great  axis  upon  which  the  cog-wheels 
are  fixed  must  make  18|  turns  per  minute;  ana  the  pinon  upon  this  axis 
bein|^  in  proportion  with  the  cog-wheel  upon  the  shiJt  of  the  water-wheel 
as  1  IS  to  3,  the  water-wheel  must  make  6i  revolutions  per  minutei  the 
water-wheel  being  18  feet  diameter,  its  circumference  will  be  18  X  3  .  1416 
aa  56  .  54,  or  56  j  feet;  this  multiplied  by  6.25  is  about  353  feet  motion  per 
minute;  or  divided  by  60  as  5.9  feet  motion  per  second  for  the  circumfer- 
ence of  the  water-wheel. 

The  tilt-mills  employed  in  the  manufacture  of  steel,  do 
not  have  the  great  hammer,  but  the  largest  they  use  is  about 
the  size  of  the  middle  one,  and  is  adapted  for  welding  faggots 
of  steel  to  make  sheer  steel :  the  other  two  hammers  are 
about  the  size  of  the  smallest  just  described,  and  are  made 
to  work  much  quicker,  viz.  from  350  to  400  blows  per 
minute.  This  is  very  easily  accomplished  by  making  the 
pinion  upon  the  fly-wheel  shaft  in  proportion  to  the  cog- 
wheel that  acts  upon  it,  and  is  fixed  to  the  water-wheel,  as  1 
is  to  4. 

This  highly  valuable  metal,  having  undergone  these  pro- 
cesses, is  now  sold,  and  is  used  by  smiths  for  an  innumerable 
variety  of  purposes.  Indeed,  when  we  reflect  upon  the  many 
thousands  of  men,  women,  and  children,  who  are  daily  em- 
ployed in  the  manufacture  and  working  of  this  metal ;  whe» 
2  T 
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we  consider  the  immetifle  nomber  of  families  of  minenr, 
melters,  refiners,  smiths,  and  other  handicraftsmen,  who,  io 
all  the  civilized  parts  of  the  world,  look  up  to  this  particular 
branch  of  manufoctare  for  their  maintenance  and  support; 
when  we  consider,  that  the  once  obscure  and  inconsiderable 
village  of  Merthyr  Tydvil,  though  wild,  barren,  and  sterile, 
and  too  poor  to  produce  even  the  common  necessaries  of  liie, 
has  been  peopled  in  the  teeth  of  every  obstacle,  and,  within 
the  space  of  seventy  years,  has,  through  the  manufacture  of 
this  metal,  become  by  far  the  Jargest  and  most  popoloas 
town  in  Wales ;  we  cannot  but  rejoice  that  this  metal  is  one 
of  the  staple  manufactures  of  Great  Britain. 

When  this  metal  has  become  too  much  worn  to  answer 
longer  the  purpose  for  which  the  smith  designed  it,  it  is  sold 
to  the  dealers  in  marine  stores,'  who  assort  it  into  three 
paroles;  one  called  coach-4yre,  consisting  of  the  old  tyre  of 
coach  and  other  wheels ;  another  buahd  iron,  being  remnants 
of  old  hoops,  and  different  pieces  of  iron  of  similar  nature ; 
and  another  $crap  or  nut-tran^  consisting  of  old  nails,  screws, 
nuts,  and  pieces  of  that  description. 

These  are  sold  to  the  manufacturer  to  be  remanufactured. 
The  process  of  remanii^ac^tiruig  is  as  follows : 

Two  pieces  of  iron,  each  forming  three  sides  of  a  square, 
are  fixed  to  a  wooden  bench,  about  10  or  12  inches  apart* 
In  the  space  between  these  two  pieces  are  placed  two  rods  of 
iron,  about  three-eighths  of  an  inch  square,  one  rod  being 
placed  close  to  each  of  the  pieces.  On  these  rods  are  laid 
pieces  of  old  hoop,  previously  straightened,  and  cut  to  the 
proper  lengths  of  12  or  14  inches,  according  to  the  intended 
length  of  the  faggot.  The  ends  of  the  hoop  rest  upon  the 
bottom  of  each  of  this  pieces  of  iron  first  described,  and  similar 
pieces  of  hoop  are  ranged  upon  each  side,  while  the  interior 
IS  filled  with  bushel  or  scrap  iron.  The  top  is  then  covered 
with  hoop,  and  the  whole  pressed  tightly  down,  and  bound, 
by  bringing  the  ends  of  the  three-eighths  rod  together,  and 
screwing  them  round.  This  is  termed  a/aggo/,  being  about 
12  or  14  inches  long,  and  six  inches  square. 

The  faggot  is  then  carried  to  a  furnace  not  much  unlike 
the  puddling  fiirnace,  and  when  sufficiently  heated  is  brought 
out,  and  pas^d  through  the  rollers,  and  made  into  what  are 
called  blocma.  These  blooms  are  generally  about  two  feet 
long,  by  three  or  four  inches  wide,  and  two  thick. 

The  blooms  are  again  exposed  to  the  heat  in  the  furnacei 
and  when  at  a  proper  temperature  are  taken  out  and  passed 
through  the  rollers,  either  those  represented  in  fig.  351,  or 
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those  in  fig.  352,  accordingly  as  they  are  to  be  made  into 
hoops  or  bars.  The  hoop-rollers  are  represented  in  fig. 
351;  the  bar-rollers  in  fig.  352. 

Tables  of  the  average  weight  of  barsj  aquareSj  and  boUe, 
10  feet  in  length. 


BARS.                                         1 

IncbM. 

C.  qr.    lb. 

Incbei. 

C.    V.   lb. 

IncbM. 

C.    qr.    lb. 

6      Xj 

1   1   15 
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—  3  12 

24  X  ^ 
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8 
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h 

—    1    10 

i 

—  3  19 

h 

—  2     S 

i 

—    1       1 

5J  Xf 

1   1     1 

1 

—  1  20 

2*Xi 
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1 

10     6 

3J  X  i 

—  35 

i 

—  1   18 

i 

—  3  10 

—  2  18 

t 

—  1   14 

5    Xt 

1  0  13 

—  24 

—   19 

g 

—  3  23 

3i  X  1 

—  1   16 

1 

—  1     0 

^ 

—  32 

—  2  27 

2X1 

—  1  24 

41  XI 

1  0  10 

1 

—  2   14 

f 

—  1    15 

i 

—  3  19 

1 

—  1  27 

tV 

—  1    11 

—  2  25 

1 

—  1   14 

Y 

—  1      6 

f 

—  25 

3     x» 

_  2  22 

f 

—  0  26 

4i  X  f 

10     4 

1 

—  2     S 

1|  x« 

—  1  20 

i 

—  3  13 

1 

—  1   23 

1 

—  1    12 

i 

—  2  21 

1 

_  1   10 

9 
TT 

—  19 

1 

_  2   11 

21  Xf 

_  2   14 

Y 

_  1      5 

4iXi 

_  3  25 

9 

_  2     2 

i 

_  0  24 

T 

—  37 

— .   1  20 

If  x« 

_  1   17 

-.2  17 

3 

2J  X  1 

_  1     7 

1 

_  1   10 

4     x| 

_  2     0 

—  28 

9 
TT 

1     5 
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t 
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h 

_  1     2 
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_  3     1 

^ 
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_  0  23 
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—  2   12 

i 

_  1     4 
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1 

_  1  24 

24  X  i 

_  2     5 

1 

16 

—  1     3 
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SQUARES. 

BOLTS. 

iBCbM. 

C.    qr.    lb. 

Incbet. 

C.   qr.    lb. 

3 

2    3      0 

3 

2    0    18 

21 

2  2     3 

2} 

1   3  22 

2i 

2  1     8 

21 

1   3     6 

21 

2  0  11 

2| 

1  2  17 

2h 

1   3  18 

24 

1   1  23 

21 

1  2  24 

2i 

1   1   11 

24 

1  2     5 

24 

1  0  24 

2i 

1   1    14 

2i 

1  0     9 

2 

1  0  25 

2 

—  3  24 

If 

10     8 

—  39 

11 

h-  3  21 

—  2  26 

11 

—  32 

_  2  16 

14 

—  2  21 

—  23 

11 

—  2  11 

_  1  24 

14 

_  1  25 

_  1   14 

li 

—  1   15 

_  1     5 

_  1     6 

_  0  27 

i 

_  0  26 

_  0  20 

i 

_  0  19 

_  0  15 

1 

_  0  13 

_  0  10 

4 

0     8 

0     7 

STEEL  MANUFACTURE. 

When  iron  has  lost  all  its  carbon,  and  has  become  malle- 
able, it  can  be  reimpregnated  with  carbon,  to  a  certain  ex- 
tent, without  materially  injuring  its  malleable  properties. 

The  compound  of  iron  and  carbon  thus  produced  is  called 
$teeL 

To  reimpregnate  the  iron  with  carbon,  it  must  be  put  into 
a  close  vessel,  called  a  cementing  pot,  and  stratified  with 
powdered  charcoal. 

The  pots  are  made  with  a  peculiar  kind  of  stone,  termed 
fire-Btoney  which  is  found  abundantly  in  the  neighbourhood 
of  Sheffield.  It  possesses  the  properties  of  not  being  liable 
to  crack  by  the  heat,  or  of  entering  into  fusion.  These  pots 
in  the  interior  dimensions  are  from  10  to  15  feet  long,  and 
from  24  to  30  inches  square.  Each  bar  of  iron  is  complete- 
ly covered  with  powdered  charcoal,  and  the  last  stratum 
of  it  is  usually  made  much  thicker  than  the  rest,  and  kept 
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dose  with  a  mixture  ofsandand  clay,  to  prevent  the  charcoal 
from  entering  into  combustioD  with  the  outer  air.  Two  of 
these  pots  only  are  contained  in  a  furnace  at  a  time,  and  fire 
is  gradually  employed  till  the  heat  is  little  short  of  what  would 
be  required  to  fuse  the  steel. 

A  vertieal  section^  and  horizontU  plan,  -of  the  conrertingf  fbrnace  is  shown 
in  figs.  355  and  356.  In  both  figures  the  same  letters  denote  the  same 
parts. 

C  C  is  the  external  cone,  built  in  a  substantial  manner  of  stone  or  brick- 
work. Its  height  from  the  ground  to  its  vertex,  in  order  to  procure  a  g^ood 
draught  of  air,  should  not  be  less  than  40  or  50  feet;  and  to  procure  a  still 
stronger  heat  a  cylindric  chimney  of  several  feet  in  leng^  is  most  generally 
fixed  on  the  top  of  the  cone.  The  lower  part  of  the  cone,  which  may  be  made 
of  any  dimensions,  is  built  either  square  or  octangular.  The  sides  are  carried 
up  until  they  meet  the  cone,  gfiving  the  furAace  tiie  appearance  of  a  cone  cut 
to  a  square  or  octangular  prism  at  its  base,  and  exibiting  the  parabola  where 
evei^  side  intersects  the  cone. 

Inside  the  conical  building  is  a  smaller  furnace,  called  the  vauUf  built  of 
fire-brick  or  stone,  which  wiU  withstand  the  action  of  the  most  intense 
heat.  D  D,  in  the  section,  is  tiie  dome  of  the  vault,  and  £  £  are  its  upright 
ttdes,  the  space  between  which,  and  the  waU  of  the  external  building,  is 
fiUed  with  sand  and  rubbish.  A  B  represent  the  two  pots  that  contain  the 
iron  to  be  converted  into  steel.  The  space  between  them  is  about  one 
foot  in  width,  and  the  fire-g^te  is  directly  beneath  it.  The  pots  are  sup- 
ported by  a  number  of  detached  courses  of  fire-brick,  as  shown  at  e  e,  m 
ng.  355,  which  leave  spaces  between  them,  called  flues,  to  conduct  the 
flame  under  the  pots;  in  the  same  manner,  the  sides  of  the  pots  are  sup- 
ported from  the  vertical  walls  of  the  vault,  and  from  each  other,  by  a  few 
detached  stones,  represented  by/,  placed  so  that  they  may  intercept  as  little 
as  possible  of  the  heat  from  the  contents  of  the  pots.  The  adjacent  ndes  of 
the  pot  are  supported  from  one  another  by  small  piers  of  stone-work,  which  are 
also  peforated  to  gfive  passage  to  the  flame.  The  bottoms  of  the  pots  are 
buih  of  a  double  course  of  brick-work,  about  six  inches  thick;  the  sides 
nearest  together  are  built  of  a  single  course  of  stone,  about  five  inches  in 
thickness;  and  the  otherparts  of  the  pot  are  single  courses  about  three  inches, 
the  sides  not  requiring  so  much  strength,  because  they  have  less  heat  and 
pressure  to  resist. 

The  vault  has  ten  flues,  or  short  chimneys,  F  F,  rising  from  it,  two  on  each 
aide,  to  carry  off  the  smoke  into  the  g^reatcone,  shown  in  fir.  356,  commu- 
nicating with  each  side,  and  two  at  each  end.  In  the  front  of  the  furnace  an 
aperture  is  made  through  the  external  building,  and  another  corresponding 
in  the  wall  of  the  vault;  these  openings  form  the  door,  at  which  a  man  enters 
the  vault  to  put  in  or  take  out  the  iroh;  but  when  the  furnace  is  lighted,  these 
doors  are  closed  by  fire-bricks  luted  with  fire-clay.  Each  pot  has  also 
small  opening^  in  its  end,  through  which  the  ends  of  two  or  three  of  the  ban 
arc  lef^  projecting  in  such  a  manner,  that  by  only  removing  one  loose  brick 
firom  the  external  building,  the  bars  can  be  drawn  out  without  disturbing  the 
process,  to  examine  the  prog^ress  of  the  conversion  from  time  to  time;  these 
are  called  the  tap-holes;  they  should  be  placed  in  the  centre  of  the  pots,  that 
a  fair  and  equable  judgment  may  be  formed  from  their  result  of  the  rest 
of  its  contents. 

a  &,  in  the  elevation,  is  the  fire-grate,  formed  of  bars  laid  over  the  ash- 
pit I,  which  must  have  a  free  communication  with  the  open  air,  that  it 
may  convey  a  current  of  fredi  air  to  supply  the  combustion.    The  ash-pit 


Digitized  by 


Google 


360  THE  OPERATIVE  MECHANIC 

fhould  alto  have  ateps  down  to  it,  that  the  attendant  to  the  fonace  maj 
get  down  to  examine  by  the  light,  whether  the  fire  upon  the  whole  length 
of  the  gT9.tt  be  equally  fierce;  and  if  any  part  appear  dull,  he  uses  a  long* 
iron  hook  to  thrust  up  between  the  bars,  and  open  a  passage  for  the  azr. 
The  fire-place  b  open  at  both  ends,  and  has  no  doors.  The  fire-grate  is 
laid  nearly  on  a  level  with  the  floor  of  the  warehouse,  before  the  tiimace, 
and  the  fireman  always  keeps  a  heap  of  coals  piled  up  before  the  apertures 
at  its  ends,  so  as  to  close  the  opening.  Thb  forms  a  very  simple  and 
cflTective  door;  and  when  the  furnace  requires  a  fresh  supply  of  fuel,  a  por- 
tion of  the  heap  of  coals  is  shoved  in  by  a  sort  of  hoe,  and  the  heap  renewed, 
to  stop  any  air  fi*om  entering  into  the  furnace,  except  that  which  has  passed 
upwards  through  the  ignited  fiiel,  and  by  that  means  contributed  to  the  com- 
bustion. 

The  fire-atones  composing  all  those  parts  of  the  furnace 
which  are  exposed  to  the  action  of  the  heat,  are  first  hewn 
nearly  to  a  size,  and  finished  by  grinding  two  surfaces  together, 
so  that  they  make  very  perfect  and  close  joints ;  when  laid 
together,  they  are  cemented  with  well-tempered  fire-clay, 
mixed  up  thin  with  water.  The  fire-clay  which  answers  best 
for  this  purpose,  is  that  brought  from  Stourbridge,  in  Staf- 
fordshire, and  is  the  same  of  which  the  ceJebrated  Stourbridge 
crucibles  are  composed  ;  but  very  good  fire-clay  for  the  pur- 
pose is  procured  from  Birkin-Iane,  near  Chesterfield.  When 
the  furnace  has  been  once  burnt,  this  clay  becomes  equally 
hard  with  the  stone,  and  is  less  liable  to  fly  or  vitrify  in  an 
intense  heat  than  any  other  known  cement. 

The  flame  arising  from  the  ignited  fuel  upon  the  grate 
passes  upwards  between  the  pots,  and  strikes  the  dome  of  the 
vault,  from  whence  it  is  reverberated  down  upon  the  pots, 
and  ultimately  escapes  through  the  flues  or  chimneys  of  the 
vault.  By  this  means  every  part  of  the  pot  is  exposed  to  the 
same  degree  of  heat,  which  is  of  great  importance. 

In  order  to  ascertain  when  the  cementation  is  perfect,  one 
or  two  of  the  bars,  having  their  ends,  as  before  described, 
projecting  from  the  pots,  are  taken  out  of  the  furnace,  and 
examined. 

The  blisters  upon  the  surface  of  the  steel,  caused  by  the 
carbonic  oxyd,^  is,  in  general,  adopted  as  a  criterion  to  judge 
if  the  metal  be  sufficiently  converted  ;  but  this  is  found  fre- 
quently to  be  fallacious,  and  well  it  may,  for  the  size  of  the 
blisters  depend  more  upon  the  degree  of  heat  to  which  the 
bar  has  been  exposed,  than  to  any  other  cause. 

The  time  usually  required  for  the  conversion  of  iron  into 
steel  is  about  seven  days  and  nights ;  and  a  similar  number 

•  Carbonic  oxyd  is  the  union  of  the  two  gases  which  arise  from  the  small 
portions  of  carbon  and  oxyd  of  iron,  of  which  the  iron  was  possessed,  and 
which  is  dissipated  by  the  heat  of  the  fiimace  during  this  long  process. 
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of  days  and  nights  is  allowed  for  the  gradual  cooling  of  the 
furnace. 

The  steel  when  taken  from  the  converting  furnace  is  found 
on  its  surface  to  be  coYered  with  blisters ;  and  on  being 
broken  is  found  to  be  full  of  cavities  within  ;  for  this  reason 
it  is  called  blistered  steel. 

To  make  it  sound  and  tenacioas,  it  is  put  into  a  furnace, 
and  moderately  heated,  and  is  then  exposed  to  the  action  of 
the  tilt-hammer,  which  we  have  already  described.  This  is 
called  sheer-steel. 

The  steel  is  made  of  different  degrees  of  hardness,  by  giv- 
ing it  more  or  less  carbon,  according  to  the  different  degrees 
and  duration  of  the  heat  applied. 

The  steel  used  in  the  manufacture  of  coach-springs  contain 
the  smallest  portion  of  carbon;  a  somewhat  greater  quantity 
is  used  in  the  different  branches  of  cutlery,  and  in  the  make 
of  agricultural  implements ;  and  the  greatest  dose  of  all  is  re- 
quired for  files,  which  cannot  be  too  hard,  provided  the  steel 
be  sufficiently  malleable  to  be  worked. 

Cast'Steeli  which  is  entirely  free  from  the  defects  of  blis- 
tered steel,  and  is,  in  some  degree,  preferable  to  sheer-steel, 
is  made  by  placing  small  portions  of  the  bars  of  blistered 
steel  into  a  crucible,  capable  of  containing  about  30  pounds 
weight. 

These  crucibles  are  made  of  Stourbridge  clay,  mixed  with 
a  small  portion  of  powdered  charcoal,  whicn  makes  them  much 
less  liable  to  crack  in  the  heating  or  cooling.  They  are  fur- 
nished with  covers,  which  are  more  fusible  than  the  body  of 
the  vessel,  and,  on  that  account,  soon  enter  into  a  state  of 
partial  virtrification ;  by  which  means  they  become  closely 
luted  at  the  time  the  steel  is  at  a  temperature  sufficiently 
high  to  be  destroyed  by  the  oxygen  of  the  atmosphere. 

The  fuel  employed  for  melting  steel  should  consist  of  the 
hardest  cokes,  which  will  give  a  great  heat  for  a  longer  con- 
tinuance than  the  soft  cokes. 

When  the  metal  is  fused  it  is  taken  from  the  furnace^  and 
poured  into  iron  moulds,  which  form  it  into  ingots  of  an  oc- 
tagonal shape,  about  30  inches  lon^. 

These  ingots,  like  the  bars  of  blistered  and  sheer-steel, 
are  asain  heated  and  drawn  into  bars  by  the  operation  of 
the  tilt-mill.  By  means  of  this  machinery  the  ingots  of  cast 
steel  can  be  drawn  into  bars  one-third  of  an  inch  square ; 
and  by  the  hands  it  can  be  drawn  into  rods  of  a  much  smaller 
size. 

The  manufacture  of  steel  has  been  greatly  improved  within 
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a  short  period,  aod  it  can  now  be  fused  with  so  small  a  por- 
tion of  carbon,  as  will  admit  of  its  being  welded  either  with 
iron  or  another  piece  of  steeL 

The  most  singular  property  belonging  to  steel  is  that  of  its 
hardening  by  being  heated  red-hot,  and  suddenly  cooled  : 
and  the  hotter  the  steel  be  made,  and  the  colder  the  fluid 
into  which  it  is  plunged,  the  harder  will  be  the  steel.  Water 
b  generally  employed  for  this  purpose  ;  and  spring  water  is 
considered  to  be  the  best.  File-makers  state,  that  the  salt 
which  is  inevitable  in  their  hardening  water,  makes  the  steel 
harder,  and  they  sometimes  put  sulphuric  acid  into  it  for  the 
same  purpose. 

In  hardening  steel  in  thin  plates,  such  as  saws,  particularly 
when  of  cast-steel,  quenching  in  water  would  cause  them  to 
crack,  and  make  them  so  hard  as  not  to  be  useful.  They 
have,  in  consequence,  recourse  to  some  substance  which  is 
not  so  good  a  conductor  of  heat.  Oil,  with  tallow  and  bees' 
wax,  and  resin  dissolved  in  it,  is  generally  employed  for  these 
articles.  If  the  steel  be  heated  red-hot,  it  mostly  returns  to 
its  original  state.  This,  however,  is  sometimes  not  the  case 
with  thin  plates  of  cast-steel.  In  giving  various  degrees  of 
heat  from  the  hard  state,  it  becomes  more  softand  less  elastic. 

In  the  year  1789,  Mr  David  Hartley  took  out  a  patent  for 
a  method  of  tempering  steel  by  the  aid  of  a  pyrometer,  or 
thermometer,  applied  near  to  the  surface  of  the  article,  and 
at  the  same  time  recommended  the  use  of  heated  oil,  ia 
which,  (he  says,)  many  dozens  of  razors  or  other  tools  might 
be  tempered  at  once  with  the  utmost  facility,  and  the  various 
degrees  of  heat  necessary  for  different  purposes  might  speedily 
be  determined  by  experiment.  (See  Nicholson's  Joumaly 
vol.  i.  quarto.)  An  improvement  of  this  principle  has  been 
since  suggested  by  Mr  Parkes,  by  providing  a  bath  of  oil  or 
of  some  kind  of  fusible  metal  for  the  tempering  of  every 
species  of  edged  tool,  which  contrivance  would,  in  his  opi- 
nion, give  to  this  operation  a  greater  degree  of  certainty  tbaa 
has  ever  been  experienced  by  those  who  have  conducted  such 
manufactories. 


WIRE  MANUFACTURE. 

Wire  is  made  of  various  ductile  metals  ;  but  as  the  manu- 
facture of  the  whole  is  very  similar,  we  shall  confine  our- 
selves principally  to  a  description  of  the  manufacture  of  iron 
wire,  which  is  by  far  the  most  extensive  article  of  commerce. 
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The  process  of  wire-drawing  consists  in  drawing  a  piece 
of  metal  through  a  hole  in  a  steel  plate,  which  forms  it  into 
a  regular  and  even  thread,  of  great  length,  according  to  the 
quantity  of  metal  supplied. 

The  first  part  of  the  process  in  the  manufacture  of  iron 
wire  is,  to  subject  the  iron  to  the  action  of  a  tilt-hammer  till 
it  be  reduced  to  a  size  that  will  admit  of  its  being  drawn 
through  the  plate.  The  tilt-hammer  used  is  similar  to  that 
which  we  have  described  in  the  article  "  Iron  Works."  It 
weighs  about  100  pounds,  and  makes  130  strokes  per  minute. 
A  smaller  tilt-hammer,  weighing  about  50  pounds,  and 
making  20  strokes  per  minute,  is  also  used  for  the  wire- 
work. 

To  prepare  the  iron  for  the  draw-plate,  the  workman  heats 
six  or  eight  inches  of  the  end  of  a  large  bar,  and  works  it 
under  the  small  tilt-hammer  until  it  is  drawn  out  into  a 
small  and  regular  round  rod,  of  about  six  feet  in  length. 
Before  il  has  time  to  cool  another  workman  straightens  it 
and  cuts  off  with  a  hammer  upon  an  anvil  the  rod  thus  form- 
ed, and  puts  the  remainder  of  the  bar  into  the  forge  to  be 
again  heated. 

In  manufacturing  common  wire,  the  bars  may  be  advan- 
tageously run  through  a  pair  of  rollers,  instead  of  exposing 
them  to  the  action  of  the  tilt-mill;  but  as  the  iron  in  rolling 
does  not  acquire  so  much  tenacity  as  in  the  hammering,  this 
process  should  not  be  attempted  in  the  manufacture  of  the 
best  wire. 

The  rod  being  thus  prepared  by  one  of  these  methods,  is 
next  drawn  through  a  hole  in  the  draw-plate,  either  by  a 
strong  machine  with  a  chain,  or  else  by  a  lever-machine. 

The  machines  used  in  the  process  of  wire-drawing  are, 
first. 

The  common  draw-beach,  wluch  consists  of  a  strong  plank  of  wood 
fixed  on  legs^  hke  a  stool  or  bench.  It  is  represented  in  fig.  357.  A  is 
an  axis,  fixed  in  a  horizontal  position,  so  that  it  can  be  easily  turned  round 
by  means  of  the  four  levers  B  B;  fixed  like  radii  on  the  end  of  the  axis. 
C  is  a  strong  strap  or  chain,  capable  of  beine  wound  about  the  axis  or 
roller,  and  connected  by  means  of  a  hnk  with  the  pincers  D.  E  is  a  draw- 
plate,  perforated  w5A  holes  of  different  mzes,  lodged  against  two  strong 
iron  pins  a  a,  which  are  fixed  in  the  bench,  and  left  standing  up  perpen 
dicularly,  so  that  the  plate  can  rest  against  them.  The  wire  is  passed  tiirourii 
the  draw-plate  E,  and  is  seized  by  tiie  pincers  D,  which,  by  turning  the 
arms  or  levers  B  B,  winds  about  the  roller,  and  draws  the  wire  through  the 
plate. 

Fig.  358  represents  another  kind  of  draw-bench,  where  a  rack  and  pinion 
are  used,  instead  of  a  roller  and  strap  or  chain,  as  above-mentioned.  If 
this  roacikine  be  turned  by  a  winch  the  motion  is  more  uniform,  which  is 
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of  importance  for  some  purposes.  For  instance,  if  a  piece  of  metal  be 
drawn  rapidly  through  the  draw-plate,  it  will  in  passing  through  be  greatlj 
compressed,  and  on  emerging  wiU  expand  a  little,  but  if  it  be  drawn 
through  the  plate  slowly,  it  wQl  lose  its  expansire  property.  Now  in  the 
common  draw-bench,  or  one  we  first  described,  the  motion  comnmnicated 
by  means  of  the  arms  B>  B  is  very  irregular,  and  the  wire  b  conseqaently 
sometimes  drawn  through  the  plate  with  a  fkst,  and  sometimes  with,  a  slow 
motion,  which  causes  it  to  be  of  different  degrees  of  quality;  but  in  using 
the  rack  and  pinion,  by  means  of  a  winch,  the  motion  is  regular,  and  the 
quality  uniform. 

In  France  the  roUer  or  windlass  b  not  employed,  but  the  pincers  are  at- 
tached to  a  lever,  which  alternately  draws  them  backwards  and  forwards 
by  the  power  of  the  water-wheel. 

The  pincers  are  so  constructed,  that  they  open  and  release  themselves 
from  the  wire  when  they  move  towards  the  draw-plate;  but  when  drawn 
from  the  draw-plate  close  and  bite  the  wire  with  a  force  that  will  draw  it 
through  the  plate. 

A  machine  of  this  kind  is  represented  in  fig.  359.  A  D  is  a  wooden  lever, 
which  moves  round  an  iron  bolt  or  pin  /),  as  a  centre  of  motion;  C  is  an 
iron  link,  connected  with  the  upright  part  of  the  lever  A  B,  and  having  its 
lower  end  formed  like  a  ring  to  seize  the  ends  of  the  pincers.  The  pincers 
are  supported  upon  an  inclined  plate  of  iron  »,  which  has  a  groove  to  receive 
the  head  of  the  pincers,  to  direct  them  in  their  motion  to  and  from  the 
draw-plate. 

The  end  B  of  the  lever  is  depressed  by  cog^  affixed  to  the  axis  of  the 
water-wheel,  which  draws  the  wire  through  the  plate;  but  when  the  cogs  quit 
the  end  of  the  lever,  it  is  returned  to  its  former  position,  by  means  of  a  rope 
fastened  to  the  end  of  B,  and  to  a  strong  wooden  pole,  fixed  to  the  top  of 
the  roof  of  the  building,  which  acts  as  a  spring.  As  the  lever  returns  to  its 
place,  the  pincers,  by  their  own  weight,  slide  down  the  inclined  plane,  and 
m  their  descent  open  sufficiently  to  allow  the  wire  to  slide  through  them, 
without  extricating  itself  from  their  jaws;  and  on  the  next  descent  of  the 
lever,  they  close  upon  the  wire,  and  draw  another  portion  through  the  platt. 

Three  of  these  machines,  of  different  sizes,  are,  in  general, 
employed  in  a  wire-mill ;  the  largest  draws  two  inches  of  the 
wire  at  each  stroke,  and  makes  about  forty-eight  strokes  per 
minute;  the  next  four  inches;  and  the  third  five  inches.  This 
last  makes  about  sixty-four  strokes  per  minute.  This  mode 
of  drawing  wire  is  very  simple,  but  defective ;  for  much  time 
is  lost  in  the  returning  of  the  pincers ;  they  sometimes  fail  to 
take  hold ;  and  wherever  they  bite  they  make  deep  marks  upon 
the  wire,  which  are  not  more  than  two  inches  apart  in  the 
great  wire,  and  five  inches  in  the  smaller. 

Fine  wire  is  always  made  from  the  large  wire,  by  re- 
ducing it  and  lengthening  it  out  by  repeated  drawings.  The 
large  wire  is  usually  manufactured  at  the  wire-mills  in  the 
country,  and  sometimes  is  reduced  to  small  wire  at  the  same 
establishments,  but  those  who  have  occasion  to  use  much  wire 
usually  purchase  the  large  sort,  and  reduce  it  themselves. 

A  hand  machine,  represented  in  fig.  360,  is  used  for  this  purpose.  A  is  a 
roller  or  cylinder,  turning  upon  a  vertical  pin,  fixed  in  the  bench  B;  C  a 
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handle  turned  by  manual  labour,  E  the  draw-plate;  and  a  a  the  pins  against 
which  it  rests.  The  wire  to  be  drawn  is  placed  upon  a  reel  D,  which  turns 
upon  a  vertical  pin.  This  reel  is  sometimes  placed  on  the  table,  and  some- 
times in  a  tub  contuning  starch-water,  or  beer  that  has  become  acid.  This 
last  is  to  loose  the  oxyd  from  the  surface  of  the  wire,  which  it  has  acquired 
in  the  process  of  ann/MUng.  Fig  361  represents  a  yery  simple  and  complete 
wire-drawing  machine,  ^pable  of  drawing  three  wires  at  once.  A  R  are 
two  rollers  or  barrels  with  cog-wheels,  T  V,  on  the  ends  of  their  axis.  S  is 
a  pinion  which  is  turned  round  by  means  of  a  handle  B,  and  communicates 
motion  to  the  cog-wheels  T  V.  Both  these  wheels  are  fitted  upon  round 
parts  of  the  axis  of  their  respective  rollers,  so  as  to  slip  or  turn  freely  round 
with  the  same;  but  a  square  is  formed  on  the  axis  outside  of  the  wheel,  and 
a  clutch  or  catch,  torv,is  fitted  on  this  square  part,  so  as  to  turn  always 
round  with  the  axis.  The  catch  is  at  liberty  to  slide  upon  the  axis  in  the 
direction  of  its  length,  by  means  of  a  lever  W,  which  operates  upon  both 
catches  at  once.  When  either  of  them  is  pushed  back  in  contact  with  the 
wheels  it  intercepts  two  studs  which  project  from  the  face  of  the  wheel,  and 
then  compels  the  axis  or  roller  to  turn  round  with  the  wheel;  but  when  the 
catch  is  drawn  away  from  the  wheel,  then  the  wheel  will  slip  round  upon  its 
axis  without  communicating  any  motion.  By  means  of  the  lever  W,  only 
one  wheel  can  be  eng^ed  at  once,  and  the  other  must  be  firee.  The  draw- 
plate  is  firmly  fixed  between  the  two  rollers,  and  it  has  a  great  many  holes; 
the  rollers  are  long  enough  to  receive  three  wires  at  the  same  time.  Each 
roller  has  a  p^ove  in  it  parallel  to  the  axis,  into  which  a  bar  of  metal  is 
fitted,  and  will  exactiy  fill  it  up. 

When  the  wires  are  introduced  through  the  holes  in  the  plate,  the  ends 
are  laid  across  this  groove;  the  bar  is  then  put  in  and  fiistened  by  a  simple 
contrivance,  and  it  rastens  the  ends  of  the  wires  beneath  it,  so  that  they  be- 
come attached  to  the  roller;  then  by  turning  the  handle,  B,  round,  the  two 
wheels  are  put  in  motion  in  contrary  directions;  and  that  wheel  which  is 
connected  with  its  axle  by  its  catch,  will  turn  its  baqrel  round,  and  wind  up 
the  wires  so  as  to  draw  them  through  the  plate  E.  The  other  roller  being  at 
the  same  time  detached,  its  wheel  is  at  liberty  to  turn  round  in  a  contraiy 
<Urection  to  the  wheel,  as  fast  as  the  wires  are  drawn  ofi^from  it  When  the 
whole  length  of  the  wires  has  been  drawn  through  the  plate,  they  are  detach- 
ed from  the  roller,  the  ends  introduced  through  smaller  holes  in  the  plate, 
and  fiistened  i^in  to  the  roller;  then  the  lever  W  is  shifted,  to  disengage 
that  wheel  which  operated  before,  and  eng^e  the  other.  This  being  done, 
the  rollers  will  be  turned  in  an  opposite  direction,  and  will  wind  back  the 
wires,  although  the  handle  B  is  turned  the  same  way  round. 

Af^er  the  wire  has  been  drawn  three  or  four  times,  the  metal  becomes  so 
hard  and  fibrous  that  it  would  not  draw  any  more  without  breaking;  it  there- 
fore requires  to  be  heated  in  the  fire  to  restore  its  ductility;  for  this  purpose 
it  must  be  taken  off  the  barrels.  A  roller,  M,  is  provided  to  wind  the  wire 
upon  and  draw  it  off  from  the  barrel;  this  roller  is  turned  round  by  a  handle, 
m,  fixed  on  the  extremity  of  its  axis ;  and  the  wire  which  is  wound  upon  it 
in  a  coil  is  slipped  off  sideways.  This  machine  is  well  adapted  to  be  worked 
by  a  mill,  because  the  handle  may  always  be  turned  in  the  same  way. 

Fig.  362  represents  a  machine  that  is  used  for  reducing  the  wire  to  be 
employed  in  tne  manufacture  of  musical  instruments,  or  in  making  cards  for 
wool  and  cotton.  A  A  A  A  are  conical  rollers,  called  blocks,  each  having 
a  bush,  through^hich  passes  a  vertical  spindle.  These  spindles  are  con- 
nected with  wheel-work,  situated  beneath  the  bench,  and  being  round,  are 
capable  of  revolving  without  communicating  motion  to  the  rollers.  When  the 
rollers  are  required  to  be  engaged,  they  are  lifted  up  from  the  bench,  till  two 
knobs,  fixed  in  the  hollow  part  of  each,  come  in  contact  with  a  cross-bar  fixed 
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on  the  top  of  each  tpindley  whiob  immediat^jr  cairtes  them  round.  Sokmi^ 
as  may  wires  are  supplied  by  the  reels  £  £  £  E,  the  stress  of  the  wires  passing 
through  the  draw-plates  will  hold  the  rollers  and  spindles  clasped  tog<^er; 
but  as  soon  as  the  whole  of  the  wires  have  passed  through  the  draw-plates, 
the  rollers  will  become  disengaged,  and  fall  upon  the  bench.  The  tubs  m 
which  the  reels  are  placed  contain  stale-beer  grounds}  or  8taich*water»  for 
the  purpose  which  we  haTe  already  noticed. 

The  French  draw-plates  are  the  most  esteemed,  and,  in 
time  of  war,  a  good  French  draw-plate  has  been  sold  for  its 
weight  in  silver.  M.  Du  Hamel,  in  Lea  Arts  el  Metiers^  vol. 
zv.  gives  the  following  account  for  the  process  of  making  the 
draw-plates  for  the  large  iron-wire. 

A  band  of  iron  is  forged  of  two  inches  broad  and  one  inch 
thick.  This  is  prepared  at  the  great  forge.  About  a  foot  io 
length  is  cut  on,  and  heated  to  redness  in  a  fire  of  charcoal. 
It  is  then  beaten  on  one  side  with  a  hammer,  so  as  to  work 
all  the  surface  into  furrows  or  grooves,  in  order  that  it  may 
retain  the  substance  called  the  potin,  which  is  to  be  welded 
upon  one  side  of  the  iron,  to  form  the  hard  matter  on  which 
the  holes  are  to  be  pierced.  This  potin  is  nothing  but  frag- 
ments of  old  cast-iron  pots ;  but  those  pots  which  have  been 
worn  out  by  the  continued  action  of  the  fire  are  not  good; 
the  fragments  of  a  new  pot  which  has  not  been  in  the  fire 
are  better. 

The  workman  breaks  these  pieces  of  pots  on  his  anvil,  and 
mixes  the  pieces  with  charcoal  of  white  wood.  He  puts  this 
in  the  forge,  and  heats  it  till  it  is  melted  into  a  sort  of  paste  ; 
and  to  purify  it  he  repeats  the  fusion  ten  or  twelve  times,  and 
each  times  he  takes  it  with  the  tongs  to  dip  it  in  water.  M. 
Du  Hamel  says,  this  is  to  render  the  matter  more  easy  to 
break  into  pieces. 

By  these  repeated  fusions  with  charcoal,  the  cast-iron  is 
changed,  and  its  qualities  approach  those  of  steel,  but  far 
from  becoming  brittle,  it  will  yield  to  the  blows  of  the  ham- 
mer and  to  the  punch,  which  is  used  to  enlarge  the  holes. 
The  bar  of  iron  which  is  to  make  the  draw-plate  is  covered 
with  a  layer  of  pieces  of  the  potin,  or  cast-iron  thus  prepared. 
It  is  applied  on  the  side  which  is  furrowed,  and  should  occupy 
about  half  an  inch  in  thickness.  The  whole  is  then  wrapped 
up  in  a  coarse  cloth,  which  has  been  dipped  in  clay  and  water, 
mixed  up  as  thick  as  cream,  ^nd  is  put  into  the  forge.  The 
potin  is  more  fusible  than  the  forged  iron,  so  that  it  will  melt. 
The  plate  is  withdrawn  from  the  fire  occasionally  and  ham- 
mered very  gently  upon  the  potin,  to  weld  and  in  some  mea- 
sure amalgamate  it  with  the  iron,  which  cannot  be  done  at 
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onee  ;  but  it  mast  be  repeatedly  heated,  and  worked  until  the 
potion  fixes  to  the  iron.  The  workman  then  throws  dry  pow* 
dered  clay  upon  it,  In  order,  they  say,  -to  soften  the  potin. 

The  union  being  complete,  the  plate  is  again  heated  and 
forged  by  two  workmen,  who  draw  out  the  plate  of  one  foot 
to  a  length  of  two  feet,  and  give  it  the  form  it  is  to  have.  It 
is  well  known  that  cast-iron  cannot  be  worked  at  the  forge 
without  breaking  under  the  hammer;  but  in  the  present  in* 
stance,  it  is  alloyed  with  the  iron-bar,  and  is  drawn  out  with 
it.  It  has  also  acquired  new  properties  by  the  repeated  fu- 
sions with  charcoal. 

The  holes  are  next  pierced  whilst  the  plate  is  hot.  This  is 
done  with  a  well-pointed  punch  of  Gerrflan  steel,  applied  on 
tbat  side  of  the  plate  which  is  the  iron-bar.  It  requires  four 
heats  in  the  fire  to  punch  the  holes,  and  every  turn  a  finer 
punch  is  employed,  so  as  to  make  a  taper  hole.  The  makers 
of  draw-plates  do  not  pierce  the  holes  quite  through,  but 
leave  it  to  the  wire-drawers  to  do  it  themselves,  when  the 
plate  is  cold,  with  sharp  punches,  and  then  they  open  the 
bole  to  the  size  they  desire ;  and  although  this  potin  is  of  a 
▼ery  hard  substance,  the  size  of  the  hole  may  be  reduced  by 
gentle  blows  with  a  hard  hammer,  on  the  flat  surface  of  the 
plate  round  the  hole. 

A  great  many  holes  are  made  in  the  same  plate ;  and  it  is 
important  that  they  should  diminish  in  size  by  very  imper- 
ceptible gradations ;  so  that  the  workman  can  always  choose 
a  hole  suitable  for  the  wire  he-  is  to  draw,  without  being 
obliged  to  reduce  it  too  much  at  once. 

To  ascertain  the  size  of  the  wire,  three  kinds  of  ^uagos  are 
used.  The  one  is  made  of  a  piece  of  wire  bent  m  zigzag, 
with  a  space  of  a  different  width  between  every  bend;  another 
is  made  of  a  steel-plate  with  notches  on  the  edge  ;  and  the 
other,  which  is  the  most  accurate,  consists  of  two  straight 
rules  of  steel  put  together  at  an  angle.  The  diameter  of  the 
wire  in  this  last  is  indicated  by  the  depth  to  which  it  will  en- 
ter into  the  angle ;  the  edges  of  the  rules  are  divided  into 
equal  parts  for  that  purpose,  and  numbered,  to  correspond 
with  the  different  sizes  of  the  wire. 

The  wire  manufactory  of  Messrs  Mouchel,  situated  at 
L'Aigle,  in  the  department  of  L'Orne,  is  one  of  the  most 
considerable  in  France.  It  furnishes  annually  in  cards  for 
wool-combing  only,  100,000  quintals  of  iron  wire,  each  100 
lbs.  A  part  of  this  is  consumed  in  France,  and  the  rest  is 
exported  to  Spain,  Italy,  Portugal,  and  even  to  the  shores  of 
the  Levant. 
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They  employ  the  iron  manafactared  in  the  departments  of 
L'Orne  and  La  Haute  Soane,  as  being  of  the  best  qaality. 
The  first  produces  the  best  wire  for  making  screws,  nails,  and 
pins,  as  much  on  account  of  its  hardness  as  its  fine  polish, 
which  resembles  steel-wire.  In  this  respect  it  is  superior  to 
the  iron  of  Haute  Soane ;  but  from  its  ductility  the  latter  can 
now  be  made  extremely  fine,  and  it  appears  to  be  most  free 
from  heterogeneous  particles. 

The  smelted  iron,  prepared  and  hammered,  being  in  a  state 
nearly  fit  for  their  purpose,  is  transported  at  a  small  expense 
to  L'Aigle,  by  the  rivers  and  canals.  They  have  a  forse  to 
reduce  the  steel  and  iron  of  Normandy,  which  arrives  in  Targe 
pieces,  into  small  and  regular  bars. 

When  the  iron  is  formed  into  an  irregular  bar  of  about  a 
centimeter,  near  four-tenths  of  an  inch  in  diameter,  they  be- 
gin to  draw  it  into  wire.  Although  it  be  already  much  extend- 
ed by  hammering,  it  is  in  the  first  place  passed  four  times 
through  the  drawing-plate  ;  then  its  molecules  become  dis- 
posed lengthways,  and  exhibit  fibres  at  their  utmost  extension. 
The  fibres  must  be  removed  by  means  of  heat,  which  disperses 
and  divides  them  ;  and  after  that  the  wire  may  again  be  re- 
duced three  numbers.  The  fibres  which  are  reproduced  by 
this  operation  are  again  removed  by  heat.  The  whole  pro- 
cess is  five  times  repeated,  consequently  the  wire  is  passed 
through  fifteen  numbers ;  after  which,  a  single  exposure  to 
the  fire  fs  sufficient  to  fit  it  for  passing  six  others,  whereby 
it  is  reduced  to  the  thickness  of  a  knitting-needle. 

The  steel-wire,  being  much  harder,  requires  to  be  passed 
through  forty-four  numbers,  and  to  be  annealed  every  other 
time. 

The  machine  which  draws  the  steel-wire  must  go  slower 
than  that  which  draws  the  iron ;  for  the  first  being  very  hard, 
and  offering  more  resistance  to  the  drawing-plate,  should  be 
pulled  out  with  more  care,  since  the  quickness  ought  to  be 
proportioned  to  the  resistance,  and  reciprocally ;  and  if  they 
depart  from  this  principle  the  results  will  vary.  Thus,  for 
example,  the  iron  of  the  department  of  L'Orne,  which  is  more 
compact  than  that  produced  at  Haute  Soane,  if  drawn  by  the 
same  machines,  augments  to  hardness,  and  is  weakened  when 
it  is  brought  to  too  great  a  degree  of  fineness.  But  this  iron, 
which  is  very  hard,  and  capable  of  receiving  a  very  high  po- 
lish, is  to  be  preferred  for  certain  uses. 

In  order  to  anneal  the  wire,  they  formerly  employed  a 
large  and  elevated  furnace,  with  bars  of  cast-iron  to  support 
the  wire  in  the  middle   of  the  flames.     It  contains  7000 
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pounds  weight,  so  contrived  as  to  contain  equal  portions  of 
each  number.  They  are  so  arranged  that  the  thickest  wires 
receive  the  strongest  heat ;  therefore,  the  whole  is  equally 
heated  in  the  same  space  of  time. 

The  operation  lasts  three  hours  with  a  fire  well  kept  up, 
and  it  might  be  imagined  that  this  apparatus  was  completely 
adapted  to  the  purpose;  but  there  are  imperfections  in  this 
method,  because  it  leaves  the  wire  exposed  to  the  contact  of 
the  atmospheric  air,  the  oxygen  of  which  it  seizes  with  ex- 
treme avidity ;  whence  a  considerable  quantity  of  oxyd  is 
occasioned,  and  also  an  operation  to  free  it  from  the  scales, 
which  consists  of  beating  the  bundles  of  wire  with  a  wooden 
hammer  wetted  with  water. 

Notwithstanding  this  precaution,  there  often  remains  a 
portion  of  oxyd  adhering  to  the  surface  of  the  metal,  which 
streaks  the  draw-plate,  or  fixes  on  the  wire,  and  gives  it  a 
tiirnished  appearance,  and  causes  it  to  break  when  it  is  brought 
to  a  great  degree  of  fineness.  This  furnace  is  only  used  for 
the  steel-wire  or  the  iron  from  L'Orne,  which  is  less  liable 
to  change ;  and  besides,  being  harder,  is  not  easily  attacked 
by  the  oxygen. 

In  order  to  diminish  the  waste  that  the  fire  occasions,  they 
have  contrived  another  process,  which  consists  in  dipping  the 
bundles  of  wire  into  a  basin  of  wet  clay  before  they  put  them 
into  the  furnace ;  and  they  are  left  in  the  furnace  to  dry 
before  the  fire  is  lighted,  without  which  precaution  the  clay 
would  peel  off  from  the  iron. 

For  making  wire  for  cards,  M.  Mouchel  invented  another 
furnace.  It  is  round,  and  about  one  metre  six  decimetres 
in  diameter,  and  one  metre  eight  decimetres  in  height,  without 
including  its  parabolic  arch,  and  the  chimney  above  it.  The 
interior  is  divided  by  horizontal  grates  into  three  stories;  the 
lowest  receives  the  cinders,  the  second  is  the  fire-place,  and 
into  the  third,  or  upper  place,  they  slide  a  roleau  of  wire, 
weighing  150  kilogrammes,  which  is  enclosed  in  a  space 
comprised  between  two  cast-iron  cylinders,  being  luted  to 
prevent  the  admission  of  air  between  them.  The  flames 
circulate  about  the  outside  of  the  first,  and  within  the  interior 
of  the  second,  which  defends  the  wire  from  atmospheric  air. 
The  diameter  of  the  largest  cylinder  is  about  one  metre  four 
decimetres ;  that  of  the  second  one  metre ;  thus  the  space 
comprised  between  them  is  two  decimetres,  on  an  elevation 
of  five  decimetres.  There  must  be  several  pair  of  cylinders 
provided,  because  whilst  one  pair  is  in  the  furnace,  another 
must  be  prepared  to  receive  a  fresh  roleau  of  wire  ;  they  are 
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changed  every  hour  by  moans  of  a  long  iron  leaver,  with 
which  a  single  man  can  easily  push  them  in,  and  draw  them 
out  again,  as  the  cylinder  slides  on  cast-iron  rails. 

They  are  very  careful  not  to  open  the  cylinders  imme- 
diately on  their  being  drawn  out  of  the  fire ;  for  the  roleaus 
of  wire  contained  in  them,  being  still  red,  would  oxydate 
quite  as  much  as  if  they  had  been  heated  in  the  midst  of  the 
flames  without  the  least  precaution. 

The  opening  contrived  for  the  passage  is  on  the  side,  and 
has  a  door  of  cast  iron,  with  a  groove  which  winds  round  the 
furnace ;  the  fire-place  has  one  something  similar  to  it ;  that 
of  the  ash-hole  is  vertical,  in  order  that  it  may  be  raised  to 
increase  the  fire  at  will. 

When  the  iron-wire  is  reduced  to  the  thickness  of  a  knitting- 
needle,  it ismade  up  into  bundlesof  125  kilogrammes,  (275  lbs.) 
each,  into  a  large  iron  vessel,  in  order  to  anneal  it  sufficiently 
to  be  reduced  for  the  last  time.  This  vessel  is  placed  upside- 
down  in  the  middle  of  a  round  furnace,  which  is  so  construct- 
ed as  to  sustain  burning  coals  all  round  it,  and  of  which  it 
consumes  35  kilogrammes,  (77  lbs.)  before  the  operation  is 
completed.  The  cover  must  be  carefully  luted,  as  the  slightest 
admission  of  air  is  sufficient  to  burn  the  external  surfaces  of 
the  wire  to  an  oxyd,  which  cannot  afterwards  be  reduced. 

When  one  of  these  vessels  is  sufficiently  heated,  it  is  filled 
with  water  containing  three  kilogrammes,  (six  pounds  and 
a  half,)  of  tartar,  and  suspended  over  the  flames  of  the  furnace 
to  make  it  boil ;  this  solution,  without  attacking  the  metal, 
frees  it  from  the  grease  and  the  little  oxyd  that  adheres  to  it. 
This  is  the  last  operation  in  which  the  wire  is  exposed  to  the 
fire,  and  it  is  then  in  the  proper  state  for  being  reduced  to 
the  utmost  degree  of  fineness  it  is  capable  of  sustaining,  and 
will  preserve  enough  of  the  efiect  of  the  annealing  to  require 
it  no  more  ;  but  when  the  natural  hardness  of  the  iron  varies, 
this  last  exposure  to  the  fire  should  take  place  in  proportion 
to  its  thickness.  As  steel  loses  its  capacity  of  extension  much 
sooner  than  iron,  it  is  annealed  until  it  is  no  thicker  than  a 
sewing-needle.  The  space  which  is  left  in  the  vessel  is  filled 
up  with  charcoal-dust,  which  prevents  it  from  losing  the 
quality  of  steel,  and  preserves  the  heat  long  enough  to  give 
it  the  proper  degree  of  pliancy. 

As  Messrs  Mouchel  always  used  iron  and  steel  at  the  same 
manufactory,  they  have  been  able  to  reduce  their  operations 
to  a  general  system ;  and  to  attain  this  end,  have  determined 
a  graduated  scale,  by  which  the  wire  will  not  be  more  stretched 
in  the   drawing-plate  in  one  number  or  size  than  another. 
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The  foIlowiDg  18  the  method  they  contrived,  in  order  to  form 
this  scale  for  the  iron-wire  : — They  take  a  certain  quantity  of 
various  thicknesses,  which  has  been  drawn  as  fine  as  the  iron 
would  bear;  the  smallest  size  is  100,000  metres,  (109,333 
yards,)  in  length  to  the  kilogramme, 2.2  pounds  avoirdupois; 
they  note  the  weight  that  each  might  be  capable  of  support- 
ing without  breakmg ;  this  being  expressed  by  figures,  it  is 
easy,  by  a  few  interpolations,  to  express  them  in  a  progressive 
form.  This  kind  of  scale  has  been  partly  formed  by  com- 
paring the  weight  of  the  different  sizes  with  equal  lengths, 
from  which  gauges  or  calibres  may  be  made  for  the  use  of 
the  workman.  These  gauges  are  certain  guides,  which  they 
cannot  mistake,  except  through  great  carelessness.  If  they 
had  not  these  gauges,  they  would  often  pass  the  wire  through 
holes  in  the  drawmg-plates,  that  are  too  large  for  it,  whence 
it  does  not  acquire  the  strength  it  should  have  in  proportion 
to  its  thickness,  and  loses  its  hardness  ;  they  might  also  pass 
it  through  holes  that  were  too  small,  which  would  weaken  it, 
and  render  it  very  brittle.  In  the  latter  case  it  frequently 
happens  that  the  steel  of  the  drawing-plate,  being  unable 
to  sustain  the  force  to  which  it  is  exposed,  will  give  way, 
as  if  the  plate  were  too  soft ;  and  the  wire  will  be  brittle 
at  the  beginning,  and  soft  and  too  thick  at  the  other  extre- 
mity. 

The  greatest  part  of  the  fine  wire  at  Messrs  Mouchel's 
manufactory  is  drawn  by  workmen  who  are  dispersed  about 
the  country ;  but  they  have  also  a  machine  which  moves 
twenty-four  bobbins  in  a  horizontal  direction,  which  only  re- 
quires the  workmen  to  look  after  it.  It  is  upon  the  bobbins 
that  the  wire  is  reduced  to  the  different  degrees  of  thinness 
desired ;  therefore  this  is  the  last  operation  in  the  art  of 
making  iron  and  steel-wire,  although  it  has  all  requisite  qua- 
lities given  to  it  in  the  workshop  of  the  wire-drawer. 

Wire  is  still  incapable  of  being  made  into  needles  and 
carding-hooks  until  it  has  undergone  another  operation  for 
dressing  and  straightening  the  wire,  by  which  it  is  made  to 
lose  the  bend  or  curve  that  it  acquires  on  the  bobbins. 

This  work  consists  in  drawing  the  wire  between  pins  fixed 
on  a  piece  of  wood,  and  which  act  to  bend  the  wire,  first  in 
one  direction  and  then  in  the  opposite,  in  a  waving  line,  of 
which  the  waves  are  at  first  larger,  but  decrease  gradually, 
and  the  last  bend  of  which  tends  to  force  the  wire  into  a 
straight  line.  The  dresser  is  obliged  constantly  to  adjust  the 
pins,  by  inclining  or  raising  them  with  strokes  of  the  hammer. 
Also,  for  each  number  of  wires,  the  pins  must  be  at  different 
2  V 
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and  calculated  distances.    This  requires  a  workman  of  intel- 
ligence, diligence,  and  address. 

An  ingenious  instrument  is  now  appropriated  to  this  ope- 
ration, and  removes  all  difficulty.  Six  little  puppets  of  very 
hard  steel  are  substituted  for  the  nails  of  the  ordinary  instru- 
ment, and  are  fixed  on  parallel  bars  of  metal,  so  jointed  toge- 
ther that  the  movement  of  them  all  will  be  parallel,  and  the 
puppets  are  widened  or  brought  nearer  together  by  screvirs ; 
the  wire  is  drawn  between  these  puppets  in  a  zigzag  or 
waving  line,  and  the  repeated  flexures  break  the  sinuosities  of 
the  wire.  There  is  a  conductor  of  the  wire  to  the  puppeta, 
and  another  conductor  which  serves  to  prevent  the  wire  from 
being  shaken.  There  are  slight  grooves  at  the  extremity  of 
the  puppets,  to  give  a  passage  to  the  wire.  A  scale  sustained 
by  a  screw  indicates  the  distance  at  which  the  puppets  should 
be  placed  from  each  other,  to  straighten  each  sixe  of  wire  ; 
this  forms  nearly  an  invariable  rule,  and  the  dresser  saves  a 
third  of  the  time  which  is  employed  in  regulating  the  pins  of 
the  instrument  formerly  used.  There  is  nothing  more  to  be 
done  but  to  draw  out  the  wire  by  means  of  a  wheel,  on  which 
he  reels  it,  and  then  form  it  into  bundles  to  be  delivered  to 
the  consumers. 

The  steel-wire  of  France  is  proper  for  many  purposes.  It 
is  brought  from  Messrs  Mouchel  for  making  knitting-needles 
in  the  English  fashion,  shoemaker's  needles,  and  other  simi- 
lar articles ;  it  may  be  also  used  for  needles  of  all  sizes,  and 
even  for  cards  for  wool-combing;  but  as  this  steel  is  much 
more  expensive  than  the  iron-wire,  it  is  very  seldom  used  for 
the  latter  purpose. 

The  method  of  preparing  the  draw-plates  is  described  by 
Messrs  Mouchel,  and  is  different  from  that  before  described. 

For  making-  wire  for  cards,  two  sorts  of  drawing-  plates  are  used^  Ui^ 
and  small  ones;  the  first,  for  the  sort  of  wire  that  we  have  been  describing, 
is  drawn  with  the  pincers,  as  H^.  359,  and  with  the  bobbin  or  roller,  whi^ 
is  a  cylinder,  adapted  to  the  axis  turned  by  the  water>mill,  and  is  used  in 
preference,  to  avoid  the  marks  made  on  the  wire  by  the  pincers;  the  small 
drawing-plates  are  used  for  such  wire  as  may  be  drawn  by  hand.  The  steel 
which  they  employ  for  these  drawing-plates  should  never  vary  in  quality, 
except  that  the  smallest  pieces  are  miade  of  the  finest  steeL  Several  pieces 
of  iron  are  disposed  in  the  furnace  in  the  form  of  a  box  without  a  lid,  their 
weight  being  according  to  the  use  for  which  they  are  intended  to  be  made. 
The  workman  fills  each  of  these  boxes  with  cast-steel,  and  having  covered 
it  over  with  a  luting  of  clay,  it  is  exposed  to  a  fierce  fire  until  the  steel  be 
melted.  His  art  consists  in  seizing  the  proper  moment  to  withdraw  the 
plate  from  the  fire;  he  raises  the  luting,  and  blows  on  it  through  a  tube,  in 
order  to  drive  off  all  heterogeneous  parts,  and  then  amalgamates  it  with  the 
iron  by  lif^ht  blows;  after  it  is  cool,  he  replaces  it  at  the  fire,  where  the 
fusion  again  ukes  place,  but  to  a  less  degree  than  before;  he  afterwards 
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works  the  iteel  with  light  blows  of  the  hammer,  to  purify  and  solder  it  with 
the  iron.  This  operation  is  repeated  from  seven  to  ten  times,  according* to 
its  quality,  which  renders  it  more  or  less  difficult  to  manage.  During  this 
process,  a  crust  forms  on  the  steel,  which  is  detached  from  it  the  fitlh  time 
of  its  exposure  to  the  fire,  because  this  crust  is  composed  of  an  oxy dated 
steel  of  an  inferior  quality.  It  sometimes  happens  that  two,  and  even  three,  of 
these  crusts  are  formed  of  about  two  millimetres,  or  one-sixteenth  of  an  inch, 
in  thickness,  which  must  also  be  removed. 

After  all  these  difTerent  fusions,  the  plate  is  beateD  by  a 
hammer  wetted  with  water,  and  the  proper  length,  breadth, 
and  thickness  are  given  to  it.  When  thus  prepared,  the  plates 
are  heated  again,  in  order  to  be  pierced  with  holes  by  punches 
of  a  conical  form  ;  the  operation  is  repeated  five  or  six  times, 
and  the  punches  used  each  time  are  progressively  smaller. 
It  is  of  importance  that  the  plate  never  be  heated  beyond  a 
cherry-red,  because  if  it  receives  a  higher  degree  of  heat,  the 
steel  undergoes  an  unfavourable  change.  The  plates,  when 
finished,  present  a  very  hard  material,  which  nevertheless  will 
yield  to  the  strokes  of  the  punches  and  hammer,  which  they 
require  when  the  holes  become  too  much  enlarged  by  the 
frequent  passing  of  the  wire  through  them. 

When  the  plates  have  been  repaired  several  times,  they 
acquire  a  degree  of  hardness  which  renders  it  necessary  to 
anneal  them,  especially  when  they  pass  from  one  size  to  ano- 
ther ;  sometimes  they  do  not  acquire  the  proper  quality  until 
they  have  been  annealed  several  times.  Notwithstanding  all 
the  precautions  which  are  taken  in  preparing  the  plates,  the 
steel  still  varies  a  little  in  hardness,  and  according  to  this 
Tariation  they  should  be  employed  for  drawing  either  steel 
or  iron-wire ;  and  if  the  workman  who  proves  them  finds  that 
they  are  too  soft  for  either  the  sreel  or  iron,  they  are  put 
aside,  to  be  used  by  the  brass-wire  drawers. 

A  plate  that  is  best  adapted  for  drawing  of  steel-wire  is 
often  unfit  for  the  iron  ;  for  the  long  pieces  of  this  latter  metal 
will  become  smaller  at  the  extremity  than  at  the  beginning, 
because  the  wire,  as  it  is  drawn  through  the  plate,  is  insen- 
sibly heated,  and  the  adhering  parts  are  swelled,  consequently 
pressed  and  reduced  in  size  towards  the  latter  end.  The 
plates  that  are  fit  for  brass  are  often  too  soft  for  iron,  and  the 
effect  resulting  is  the  reverse  of  that  produced  by  a  plate 
that  is  too  hard. 

The  smallest  plates  which  Messrs  Mouchel  use  are  at  the 
least  two  centimetres,  or  eight-tenths  of  an  inch  in  thick- 
ness, so  that  the  holes  can  be  made  sufficiently  deep ;  for 
when  they  are  of  a  less  thickness,  they  will  seize  the  wire  too 
suddenly,  and  injure  it. 
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This  iDConvenience  is  much  fell  in  manuractories  where 
they  continue  to  use  the  plates  for  too  long  a  time,  as  they 
become  exceedingly  thin  after  frequent  repairs.  One  of 
Messrs  Mouchel's  large  plates  reduces  1,400  kilogrammes, 
(3,080  lbs.  avoirdupois,)  from  the  largest  size  of  wire  to  N^  6, 
which  is  of  the  thickness  of  a  knitting-needle ;  400  kilo- 
grammes, (880  lbs.)  of  this  number  are  afterwards  reduced  in 
one  single  small  plate  to  N^  24,  which  is  carding-wire ;  and 
to  finish  them,  they  are  passed  through  twelve  times  succes- 
sively. 

Wires  are  frequently  drawn  so  fine  as  to  be  wrought  along 
with  other  threads  of  silk,  wool,  or  hemp ;  and  thus  they 
become  a  considerable  article  in  the  manufactures. 

DrWollaston,  in  1813,  communicated  to  the  Royal  Society 
the  result  of  his  experiments  in  drawing  wire.  Having  re- 
quired some  fine  wire  for  telescopes,  and  remembering  that 
Muschenbroeck  mentioned  wire,  500  feet  of  which  weighed 
only  a  single  grain,  he  determined  to  try  the  experiment,  al- 
though no  method  of  making  such  fine  wire  had  ever  yet  been 
published.  With  this  view,  he  took  a  rod  of  silver,  drilled 
a  hole  through  it  only  one-tenth  its  diameter,  filled  this 
hole  with  gold,  and  succeeded  in  drawing  it  into  wire  till 
it  did  not  exceed  the  three  or  four  thousandth  part  of  an  inch, 
and  could  have  thus  drawn  it  to  the  greatest  fineness  percep- 
tible by  the  senses.  Drilling  the  silver  he  found  very  trou- 
blesome, and  determined  to  try  to  draw  platina-wire,  as  that 
metal  would  bear  the  silver  to  be  cast  round  it.  In  this  be 
succeeded  with  greater  ease,  drew  the  platina  to  any  fine- 
ness, and  plunged  the  silver  in  heated  nitric  acid,  which  dis- 
solved it,  and  left  the  gold  or  platina  wire  perfect. 


LEAD  MANUFACTURE. 

Lead  ore  is  found  in  most  parts  of  the  world.  In  Britain 
the  principal  lead-mines  are  situated  in  Cornwall,  Devonshire, 
and  Somersetshire;  in  Derbyshire,  Durham, Lancashire,  Cum- 
berland, and  Westmoreland  ;  in  Shropshire,  Flintshire,  Den- 
bighshire, Merionethshire,  and  Montgomeryshire;  at  the  lead- 
hills  in  Scotland,  on  the  borders  of  Dumfrieshire  and  Lanark- 
shire, in  Ayrshire,  and  at  Strontian  in  Argyleshire. 

The  smelting  of  the  ore  is  performed  by  either  a  blast- 
furnace, called  an  ore-hearth,  or  a  reverberatory-furnace. 
In  the  former  method,  the  ore  and  fuel  are  mixed  together, 
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and  exposed  to  the  action  of  the  blast,  which  quickly  fuses 
the  metal,  and  causes  it  to  fall  into  the  lower  part  of  the 
hearth,  where  it  is  protected  from  the  oxygen  of  the  blast  by 
the  scoria  that  floats  upon  its  surface. 

When  the  fluid  lead  is  tapped,  or  drawn  ofl*,  a  sufiicient 
quantity  of  it  is  left  in  the  furnace  to  float  the  liquid  scoria; 
but  when  the  whole  of  the  lead  is  to  be  drawn  off,  the  blast 
is  stopped,  and  some  lime  is  thrown  into  the  furnace  to  con- 
crete the  scoria,  while  the  lead  is  run  out. 

In  smelting  by  the  reverberatory-furnace,  which  is  un- 
doubtedly the  best  in  places  where  there  is  an  ample  supply 
of  coal,  the  fire  is  made  at  one  end,  and  the  flame  passes  over 
the  hearth,  and  enters  into  an  oblique  chimney,  which  ter- 
minates in  a  perpendicular  one,  called  a  stack,  of  considerable 
height.  The  length  of  the  hearth,  from  the  place  where  the 
fire  enters  to  the  chimney,  is  about  eleven  feet,  two  of  which 
constitute  the  throat  of  the  furnace  ;  the  remainder  forms  a 
concave  surface,  four  and  a  half  feet  wide  at  the  throat  of  the 
furnace,  seven  feet  four  inches  at  the  distance  of  two  feet  from 
the  throat,  seven  feet  two  inches  in  the  middle  of  the  hearth, 
five  feet  eleven  inches  at  two  feet  distance  from  the  chimney, 
and  two  feet  ten  inches  where  the  flame  enters  the  chimney 
at  two  apertures,  each  ten  inches  square;  the  throat  of  the 
furnace  is  two  feet  long,  four  feet  wide,  and  six  inches  deep; 
the  length  of  the  fire-place  four  feet,  equal  to  the  width  of 
the  throat;  its  width  two  feet,  and  depth  three  feet,  from  the 
grate  up  to  the  throat  of  the  furnace ;  the  section  of  the 
oblique  chimney  is  sixteen  inches  square,  and  of  the  perpen- 
dicular twenty  inches,  supposing  a  straight  horizontal  line 
drawn  from  the  lower  plane  of  the  throat  of  the  chimney  to 
the  opposite  side  of  the  furnace ;  the  lower  part  of  the  con- 
cave hearth,  which  is  in  the  middle  of  this  cavity,  is  nineteen 
inches  below  this  line,  the  roof  of  the  furnace  being  seventeen 
inches  above  the  same  line ;  the  rest  of  the  hearth  is  conform- 
ably concave. 

The  furnace  on  one  side  has  three  openings,  about  ten 
inches  square,  at  equal  distances  from  each  other,  and  pro- 
vided with  iron  doors,  which  can  be  removed  as  occasion  may 
require.  Besides  these  apertures,  which  are  for  the  purpose 
of  raking  and  stirring  the  ore,  &c.  and  consequently,  upon  a 
level  with  the  horizontal  line  above  alluded  to,  there  are  two 
others  of  smaller  dimensions,  the  one  to  tap  the  liquid  lead, 
the  other  the  scoria.  The  ore  is  introduced  by  a  vessel  in 
the  shape  of  a  hopper  placed  in  the  roof  of  the  furnace. 

The  ores  of  lead,  similarly  to  those  of  iron  and  most  other 
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metals,  are  combined  with  various  kinds  of  eartbj  matter, 
which  requires  them  to  be  well  pounded  before  they  are  intro- 
duced into  the  reverberatory  or  smelting  furnace.  The  pouod- 
ing  is  sometimes  performed  by  women  using  hammers,  and 
sometimes  the  ores  are  pounded  or  crushed  by  causing  them 
to  pass  through  iron  rollers  loaded  with  great  weights.  After 
the  ores  have  been  pounded  or  crushed,  the  earthy  matter  is 
separated  by  washing. 

The  powder  to  be  washed  is  put  into  a  riddle  or  sieve,  and 
placed  in  a  large  tub  full  of  water ;  when,  by  a  certain  mo- 
tion, the  lighter  or  earthy  parts  are  separated  and  thrown 
over  the  edge  of  the  riddle,  while  the  metal,  which,  as  we 
have  before  stated,  is  always  considerably  heavier  than  its 
accompanying  ingredients,  is  retained.  There  are  some  im- 
purities, however,  which  cannot  be  separated  by  this  process, 
consisting  principally  of  blind,  or  black-jack^  called  mock  ore, 
and  pyrites,  or  sulphuret  of  iron,  named  Brazil. 

In  the  process  of  smelting,  the  ore  is  spread  upon  the  con- 
cave hearth,  so  that  the  flame  may  act  upon  it,  and  release 
the  sulphur.  When  the  sulphur  has  escaped,  the  lead  com- 
bines with  oxygen,  and  the  oxyd  of  lead,  thus  formed,  com- 
bines with  and  reduces  the  earthy  matter  to  a  liquid,  which 
floats  upon  the  surface  of  the  metal,  and  for  the  remainder  of 
the  operation,  protects  from  the  action  of  the  oxygen.  The 
temperature  of  the  furnace  is  now  considerably  raised,  to 
separate  as  quickly  as  possible  the  lead  from  the  liquid  scoria; 
after  which  a  considerable  portion  of  the  scoria  is  tapped  off, 
leaving  only  so  much  behind  as  is  necessary  to  protect  the 
metal  from  the  action  of  the  oxygen.  The  fire  is  now  slacken- 
ed, and  a  quantity  of  slack,  or  refuse  pit-coal,  thrown  into  the 
furnace,  which  serves  to  diminish  the  heat,  and  to  concrete 
the  melted  scoria ;  though  this  last  part  of  the  process  is  not 
well  done  unless  powdered  lime  be  also  added.  The  scoria 
being  now  hardened,  is  broken  to  pieces  by  a  rake,  and  thrust 
to  the  opposite  side  of  the  furnace,  where  it  is  taken  out 
through  the  apertures  already  mentioned. 

The  lead  is  now  tapped,  in  a  manner  similar  to  that  de- 
scribed in  the  manufacture  of  iron,  and  is  allowed  to  run  into 
a  large  iron  pan,  from  whence  it  is  laded  into  moulds  to  cast 
into  pigs.  When  the  ores  abound  with  blind,  or  black- 
jack, or  sulphate  of  iron,  it  becomes  necessary  to  add  the 
fluat  of  lime,  as  a  flux. 

The  scoria  is  still  found  to  contain  some  lead,  independent 
of  that  in  the  state  of  oxyd,  and  chemically  combined  with  it« 
and  is  consequently  exposed  to  the  heat  of  another  furnace, 
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being  a  species  of  blast,  and  called  a  slag-hearth,  which  fuses 
the  scoria,  and  causes  the  metal  to  penetrate  through  it,  and 
fall  into  a  cavity,  where  it  is  protected  from  the  agency  of 
the  blast,  and  from  whence  it  is  taken  and  cast  into  pigs. 

As  all  lead  ores  contain  more  or  less  of  silver,  we  shall  ex- 
tract from  Dr  Rees's  Cyclopaedia  the  method  by  which  the 
silver,  by  theoxydation  of  the  lead,  is  extracted. 

"  A  shallow  vessel,  or  cupel,  is  filled  with  prepared  fern- 
ashes  well  rammed  down,  and  a  concavity  cut  out  for  the  re- 
ception of  the  lead,  with  an  opening  on  one  side  for  the  mouth 
of  the  bellows,  through  which  the  air  is  forcibly  driven  during 
the  process.  The  French  smelters  cover  the  surface  of  the 
ashes  with  hay,  and  arrange  symmetrically  the  pieces  of  lead 
upon  it.  When  the  fire  is  lighted,  and  the  lead  is  in  a  state 
of  fusion  from  the  reverberation  of  the  flame,  the  blast  from 
the  bellows  is  made  to  play  forcibly  on  the  surface,  and  in  a 
short  time  a  crust  of  yellow  oxyd  of  lead,  or  litharge,  is 
formed  and  driven  to  the  side  of  the  cupel  opposite  to  the 
mouth  of  the  bellows,  where  a  shallow  side  or  aperture  is 
made  for  it  to  pass  over ;  another  crust  of  litharge  is  formed 
and  driven  off,  and  this  is  repeated  in  succession  till  nearly 
all  the  lead  has  been  converted  into  litharge  smd  driven  off. 
The  operation  continues  about  forty  hours,  when  the  complete 
separation  of  the  lead  is  indicated  by  a  brilliant  lustre  on  the 
convex  surface  of  the  melted  mass  in  the  cupel,  which  is 
occasioned  by  the  removal  of  the  last  crust  of  litharge  that 
covered  the  silver.  The  French  introduce  water  through  a 
tube  into  the  cupel,  to  cool  the  silver  rapidly,  and  prevent  its 
spirting  out,  which  it  does  when  the  refrigeration  is  gradual, 
owing  probably  to  its  tendency  to  crystallize.  In  England 
the  silver  is  left  to  cool  in  the  cupel,  and  some  inconveni- 
ence is  caused  by  the  spirting,  which  might  be  avoided  by 
the  former  mode. 

^*  The  silver  thus  extracted  is  not  sufficiently  pure ;  it  is 
again  refined  in  a  reverberatory-furnace,  being  placed  in  a 
cupel  lined  with  bone-ashes,  and  exposed  to  greater  heat; 
'  e  lead  which  has  escaped  oxydation  by  the  first  process,  is 
verted  into  litharge,  and  absorbed  by  the  ashes  of  the 

he  last  portions  of  litharge  in  the  first  process  are  again 
refined  for  silver,  of  which  it  contains  a  part  which  was  driven 
off  with  it.  The  litharge  is  converted  into  lead  again  by 
heating  it  with  charcoal ;  part  is  sometimes  sold  for  pigment, 
or  converted  into  red-lead.  The  loss  of  lead  by  this  process 
differs  considerably,  according  to  the  quality  of  the  lead. 
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The  litharge  commonly  obtained  from  three  tons  of  lead 
amounts  to  58  hundred  weight ;  but  when  it  is  again  reduced 
to  a  metallic  state,  it  seldom  contains  more  than  52  hundred 
weight  of  lead,  the  loss  on  three  tons  being  eight  hundred 
weight.  The  Dutch  are  said  to  extract  the  silver  from  the 
same  quantity  of  lead  with  only  the  loss  of  six  hundred 
weight." 

Having  explained  the  process  by  which  pig-lead  is  extract- 
ed from  the  ores,  it  now  remains  for  us  to  show  the  methods 
by  which  pi^-lead  is  manufactured  into  sheet-lead,  or  into 
the  tubes  called  lead  pipes. 

In  the  manufecture  of  sheet  lead,  the  ingots  or  pigs  are  put 
into  a  large  caldron  or  furnace  built  with  free-stone  and  earth. 
Near  this  furnace  is  the  table  or  mould  on  which  the  sheet  is 
to  be  cast;  it  is  made  of  large  pieces  of  wood,  well  jointed, 
and  bound  at  the  ends  with  bars  of  iron,  and  has  a  ledge  or 
border  of  wood,  about  two  or  three  inches  thick,  and  one  or 
two  high,  called  the  sharps.  The  tables  are  usually  about 
three  or  four  feet  wide,  and  from  eighteen  to  twenty  feet  long. 
The  table  is  covered  with  very  fine  sand,  which  is  prepar^ 
for  the  casting  by  moistening  it  with  clear  water,  working  it 
together  with  a  stick,  beating  it  flat  with  a  mallet,  and 
smoothing  it  with  a  piece  of  brass  or  wood. 

A  long  narrow  piece  of  wood,  with  notches  cut  in  each  end 
so  as  to  fit  the  ledges,  is  placed  over  the  table,  and  is  so  ar- 
ranged, that  the  space  between  it  and  the  sand  shall  be  pro- 
portionate to  the  intended  thickness  of  the  plate.  The 
workman  gradually  slides  the  strike  from  one  end  of  the  table 
to  the  other,  by  which  means  he  obtains  a  sheet  of  the  requi- 
site, and  in  all  parts  of  equal,  thickness. 

At  the  top  of  the  table  is  a  large  triangular  iron  peel  or 
shovel,  with  its  fore  part  bearing  upon  the  edge  of  the  table, 
and  the  hinder  part  on  a  tressel,  somewhat  lower  than  the 
table  ;  the  design  of  which  is,  to  prevent  the  liquid  metal 
running  off  at  the  fore  side,  where  there  is  no  ledge.  The 
metal  bieing  sufliciently  fused,  is  taken  out  of  the  furnace  or 
caldron  with  a  large  iron  ladle,  and  is  put  into  the  peel,  where 
it  is  cleansed  of  its  impurities  by  using  another  large  iron 
ladle  pierced  like  a  scummer.  The  handle  of  the  peel  is  now 
raised,  which  causes  the  liquid  metal  to  run  into  the  mould, 
while  the  workman,  with  the  strike,  regulates  the  thickness. 
When  the  sheet  is  of  the  required  thickness,  the  handle  of  the 
peel  is  lowered,  and  the  sheet  is  allowed  to  cool.  When  set, 
the  edges  on  both  sides  are  planished,  in  order  to  render  them 
smooth  and  straight. 
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The  method  above  described  is  only  used  in  casting  large 
sheets  of  lead  ;  in  casting  sheets  of  smaller  dimensions,  the 
table  or  mould,  which  is  placed  in  an  inclined  position,  is,  in 
lieu  of  sand,  covered  with  a  piece  of  woollen  stuff  nailed  down 
at  both  ends,  and  over  that  is  placed  a  very  fine  linen  cloth. 

In  this  process  great  attention  must  be  paid  to  the  heat  of 
the  liquid  metal,  and  a  piece  of  paper  is  used  as  a  test ;  if  the 
paper  take  Ike,  the  lead  is  too  hot,  and  would  destroy  the 
linen ;  if  it  be  not  shrunk  and  scorched,  it  is  not  hot  enough. 

When  the  sheets  are  required  to  be  very  thin,  it  is  necessa- 
ry to  make  the  peel  and  strike  of  one  piece.  It  is  a  kind  of 
wooden  box  without  a  bottom,  being  closed  only  on  three 
sides;  the  back  of  it  is  about  seven  or  eight  inches  high,  and 
the  two  sides,  like  two  acute  angles,  diminish  to  the  top;  the 
width  of  the  middle  makes  that  of  the  strike,  which  again 
makes  that  of  the  sheet  to  be  cast. 

The  strike  is  so  placed,  that  the  highest  part  is  towards  the 
lower,  and  the  two  sloping  sides  towards  the  upper  end  of 
the  table.  The  top  part  of  the  table,  where  the  metal  is 
poured  in,  is  covered  with  a  pasteboard,  which  serves  as  a 
bottom  to  the  case,  and  prevents  the  linen  from  being  burnt 
while  the  metal  is  pouring  in. 

The  strike  or  peel  being  filled  with  lead,  according  to  the 
intended  size  of  the  sheet,  two  men,  one  at  each  side,  seize 
hold  of  it,  and  with  greater  or  less  velocity,  as  the  sheet  is  to 
be  more  or  less  thick,  force  it  down  the  inclined  table ;  for 
the  thickness  of  the  sheet  always  depends  upon  the  velocity 
with  which  the  strike  slides  down  the  table.  The  sheet-lead, 
after  casting,  is  frequently  reduced  by  rollers. 

As  this  particular  department  is  so  intimately  connected 
with  the  business  of  a  plumber,  we  shall  not  be  considered 
as  departing  from  the  subject  by  inserting  the  following  ta- 
bles, from  Huiton^s  Mensuration. 

PlumberV  work  is  commonly  estimated  by  the  pound  or 
hundred  weight ;  but  the  weight  may  be  discovered  by  the 
measure  of  it,  in  the  manner  below  stated.  Sheet-lead  used 
in  roofing,  guttering,  <&c.  is  commonly  between  seven  and 
twelve  pounds  weight  to  the  square  foot;  but  the  following 
table  shows  by  inspection  the  particular  weight  of  a  square 
foot  for  each  of  several  thicknesses. 
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ThlekncH. 
.10 

Pooadi 
toaaquueibot 
6.899 

Thiekoeu. 
.15 

POIMto 

to  a  tqoare  totA. 
8.848 

.11 

6.489 

.16 

9.438 

i 
.12 

6.554 
7.078 

J 

9.831 
10.028 

.1^ 

7.373 

.18 

10.618 

7.668 

.19 

11.207 

.14 

8.258 

.2=1 

11.797 

1 

8.427 

.21 

12.387 

Ip  this  table  the  thickness  is  set  down  in  tenths  and  hun- 
dredths, &c.  of  an  inch;  and  the  annexed  corresponding  Dum- 
bers  are  the  weights  in  avoirdapoise  pounds  and  thousandth 
parts  of  a  pound.  So  the  weijght  of  a  square  foot  of  -^  or 
yVV  ^f  <^  ^^^^  ^'^'^^  '^  ^  pounds  and  ^yj^^  of  a  pound;  and  the 
weight  of  a  square  foot  to  one-ninth  of  an  inch  thickness  is 
6  pounds  and  -///^  of  a  pound.  Lead  pipe  of  an  inch  bore 
is  commonly  13  or  14  pounds  to  the  yard  in  length. 

EXAKPLU: 

1 .  How  much  weiiphs  the  lead  which  is  39  feet  6  inches  long^,  mnd  3  feet  3 
iiichet  broad,  at  8i  m.  to  the  square  foot^ 

Duodecimals. 
39.  6 


Decimals. 
39.5 

3^ 

118.5 

9.875 

128.375 

H 

1027.000 
64.1875 

1091.1875 


Answer . 


3.  3 

118.  6 
9.10.6 

128.  4.6 

1024 
64 

H 


2.  What  cost  the  covering  and  guttering  of  a  roof  with  lead,  at  ISr.  per 
cwt  5  the  length  of  the  roof  being  43  feet,  and  the  breadth  or  girth  over  it 
32  feet,  Ae  guttering  S7  feet  long,  and  2  feet  wide;  the  former  9,831  U>s. 
and  the  latter  7,373  lbs.  to  the  square  foot .>— Answer,  115/.  S«.  lid. 

It  is  now  time  to  direct  our  attention  to  the  manufacture  of 
lead  pipes,  which  are  universally  employed  for  small  water- 
pipes,  from  the  facility  of  bending  them  in  any  direction,  and 
soldering  their  joints. 

Lead  pipes  are  sometimes  cast  in  an  iron  mould,  made  in 
two  halves,  forming,  when  put  together,  a  hollow  cylinder. 
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of  the  size  of  the  intended  pipe ;  in  this  cylinder,  or  mould, 
is  pot  an  iron  rod  or  core,  extending  from  the  top  to  the 
bottom,  and  leaving  all  round  a  space  between  it  and  the 
cylinder  of  the  intended  thickness  of  the  pipe.  The  lead  is 
poured  in  at  a  spout,  formed  by  two  corresponding  notches 
cut  in  each  half  of  the  mould ;  and  a  similar  hole  is  made  at 
another  place  for  the  escape  of  air.  The  mould  is  fastened 
down  upon  a  bench,  upon  which,  at  one  end,  and  in  a  line 
with  its  centre,  is  a  rack,  moved  by  toothed«wheels  and 
pinions. 

When  the  pipe  is  cast,  a  hook  at  the  end  of  the  rack  is  pot 
into  an  eye  at  the  end  of  the  iron  core,  which,  by  the  action 
of  the  cog-wheels  and  pinions,  is  drawn  so  far  Out,  that  about 
two  inches  of  it  only  remain  in  the  end  of  the  pipe ;  the  two 
halves  of  the  mould,  which  fasten  together  by  wedges  or 
screws,  are  now  separated  firom  the  pipes,  and  are  fastened 
upon  the  iron  core,  and  the  two  inches  of  lead  pipe  attached 
to  it;  melted  lead  is  again  poured* into  the  mould,  which, 
uniting  with  the  end  of  the  first  piece,  forms  the  pipe  of  con- 
siderable length  ;  and  the  operation  is  repeated  till  it  be  of 
the  length  required. 

Another  and  a  much  better  method  is,  to  cast  the  lead  in 
an  iron  mould  upon  a  cylindrical  iron  pipe,  of  a  size  propor- 
tioned to  the  bore  of  the  pipe  to  be  made,  and  leaving  a 
space  between  the  core  and  the  mould  three  or  four  times 
the  thickness  of  the  intended  pipe,  and  in  short  lengths,  which 
are  afterwards  drawn  through  boles  in  pieces  of  steel,  similar 
to  the  process  of  wire-drawmg,  till  the  pipe  is  reduced  to  the 
required  thickness. 

Another  method  is  that  for  which  the  celebrated  iron- 
manufacturer,  Mr  John  Wilkinson,  of  Brosely,  took  out  a 
patent  in  1790,  and  which,  since  the  expiration  of  his  patent, 
nas  been  successfully  practised  by  many  other  manufacturers. 
This  method  consists  in  casting  a  circular  piece  of  lead,  about 
eighteen  inches  long^  with  a  core  or  hole  longitudinally 
through  its  centre.  This  piece  is  of  considerably  lai^er 
diameter  than  that  of  the  pipe  intended  to  be  made.  The 
core  or  hole  at  one  extremity  suddenly  decreases,  so  as  to 
form  on  the  internal  surface  of  the  piece  of  lead  a  stop  or 
shoulder,  against  which  a  polished  iron  triblet  or  mandrel^ 
which  has  been  passed  thus  far  along  the  core,  rests.  This 
triblet  or  mandrel  is  of  somewhat  greater  length  than  the 
length  required  of  the  pipe  to  be  manufactured,  which,  gene- 
rally speaking,  is  from  seven  to  nine  feet.  An  iron  screw, 
having  a  loop  at  the  opposite  end,  is  then  passed  down  the 
other  end  of  the  core,  and  is  screwed  into  that  part  of  the 


Digitized  by 


Google 


373  THE  OraHATIVE  MECHANIC 


si  which  rests  against  the  shoulder.  In  this  state 
tbs  mandrel,  with  the  circalar  piece  of  lead  fixed  fast  oa  it,  ta 
taken  to  the  drawing-table. 

The  drawing-table,  in  the  principle  of  its  operation,  resem* 
bles  the  block  described  in  the  Wire  Mannfieusture  in  every 
respect,  though  it  is  far  more  powerfbl.  The  table  generally 
used  is  aboat  thirty  feet  long,  by  two  feet  wide ;  having  at 
one  end  a  powerful  cylinder  with  a  chain  attached  to  it* 
This  cylinder  receives  motion  from  a  steam^^ngine,  or  other 
first  mover,  and  can  be  thrown  in  and  out  of  geer  by  an  adapts 
ation  of  any  one  of  the  appropriate  modes  described  under 
the  article  <<  Mill-ffeering."  About  two-thirds  the  leagtli 
of  the  bench  from  the  cylinder,  or  roller,  are  two  pins  or  stops 
to  hold  a  steel  plate,  which  has  a  gradation  of  conical  holw. 
Through  the  largest  of  these  holes,  which  is  somewhat  leas 
than  the  diameter  of  the  circular  piece  of  lead,  the  loop  that 
isscrewedon  to  the  end  of  the  mandrel  is  passed,  and  attached 
to  a  hook  at  the  extremity  of  the  chain,  which  chain  is  affixed 
to  the  cylinder  or  roller.  The  cylinder  being  now  tbrowo 
into  geer,  the  piece  of  lead  is  drawn  through  the  hole  in  the 
steel  plate,  which  diminishes  it  in  diameter,  and  increases  it 
in  length ;  and  this  operation  is  carried  successively  throogh 
the  series  of  gradually  decreasing  holes  in  the  draw-plate, 
until  the  pipe  is  reduced  to  the  required  diameter.  The  cy- 
linder is  now  struck  out  of  geer,  and  the  mandrel  liberated 
from  the  chain,  which  is  immediately  attached  to  the  other  ead 
of  it.  The  steel  draw-plate  being  now  removed,  the  stops 
against  which  it  rested  allow  the  mandrel  to  pass  between 
them,  but  detain  the  lead  pipe,  which,  consequently,  by  strik- 
ing the  cylinder  into  goer,  allows  the  mandrel  to  be  extricated 
6rom  it  A  small  portion  of  pipe  being  cut  off  at  both  ends, 
Ihe  pipe  is  considered  finished.    Through  the  whole  of  the 

X ration,  great  care  is  taken  to  keep  tl^  mandrel  and  steel 
Le  well  oiled. 

As  Be  iioid  can  pass  through  lead  i»pe  without  becoming 
more  or  less  aiected  by  its  deleterious  qualities,  it  is  neces* 
sary,  in  oaass  where  acids  are  used,  to  have  pipes  made  of 
iron,  or  of  lead  lined  with  tin.  To  line  lead  pipe  with  tin, 
the  lead  pipe  must  be  cast  in  a  vertical  mould,  which  has 
a  oare  of  somewhat  larger  diameter  than  the  intended  bore  of 
the  pipe  passing  down  its  centre.  When  the  pipe  is  cast, 
and  the  metal  is  set,  this  mandrel  is  drawn  out  of  the  mouM, 
and  another  of  smaller  diameter  is  substituted.  About  as 
much  coarse  resin  as  will  Isy  on  a  shilling  is  now  thrown  into 
the  space  between  the  pipe  and  the  core  or  mandrel  just 
passed  down  the  mould.    This  resin  by  the  heat  of  the  lead 
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is  melted,  and  rans  to  the  bottom  of  the  mould.  The  melted 
tin  being  now  poured  in,  the  resin  will  float  on  its  surface, 
and,  consequently,  as  the  tin  rises,  anoint  the  tin  in  every 
part,  and  act  as  a  flux,  and  unite  the  two  vessels,  ^s  soon 
as  the  tin  is  set,  the  last-mentioned  mandrel  is  drawn  out, 
and  the  external  mould  being  removed,  the  lead  now  lined 
with  tin  is,  when  quite  cold,  ready  to  be  submitted  to  the 
process  of  drawing.  Various  other  equally  simple  processes 
are  adapted  to  this  purpose. 


PAPER  MANUFACTURE. 

Paper,  that  highly  valuable  substance,  which  enables  us  to 
-communicate  our  thoughts  to  persons  situate  at  the  most 
distant  quarters  of  the  civilized  globe,  is  manufactured  from 
rags,  by  the  aid  of  machinery. 

it  was  formerly  necessary  to  assort  with  great  care  the 
rags  which  were  intended  to  be  manufactured  into  paper  i 
and  none  but  the  whitest  and  best,  and  which,  consequently, 
were  the  most  expensive,  could  be  made  into  paper  of  the 
finest  quality  ;  but  since  the  introduction  of  chlorine,  (which 
was  discovered  by  Scheele,)  into  our  bleaching  establish- 
ments, the  necessity  of  this  assortment  has  been  greatly  ob- 
viated ;  as  it  was  soon  conceived  that  that  chemical  agency, 
which  was  capable  of  bleaching  linen,  was  also  applicable  to 
the  whitening  of  the  rag  during  the  process  of  paper-making. 

At  that  period  of  the  process,  when  the  rag  is  coming  into 
a  state  of  pulp,  chlorate  of  lime,  which  was  flrst  manufactured 
by  Mr  Tennant,  of  Glasgow,  is  introduced  into  the  vat ;  and, 
by  its  chemical  action  on  the  fibre,  whitens  or  bleaches  the 
whole  mass ;  thus  enabling  the  manufacturer  to  produce  a 
whiter  and  much  finer  quality  of  paper  from  rags  of  a  se- 
eondary  quality,  than  he  had  heretofore  done  from  rags  of 
the  most  expensive  description.  It  must,  however,  be  ad- 
mitted that,  as  in  all  bleaching  processes  where  the  fibre  is 
more  or  less  deteriorated  by  the  action  of  chlorine,  the  paper 
manufactured  and  whitened  by  this  agent  is  not  so  strong  as 
that  formerly  produced  ;  as  may  be  observed  in  some  thick 
and  beautifully  white  papers  frequently  offered  tothe'()Ublic 
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at  astonishing  low  prices^  which  are  manubctared  from 
coloured  and  inferior  rags,  with  a  soperabondance  of  the 
chlorate  of  lime  introduc^  in  the  process  of  the  manafiicture. 
By  this,  therefore,  it  is  evident  that  the  chlorate  of  lime, 
wfien  used  too  abundantly,  will  rot  or  destroy  the  fibre  of  the 
whole ;  but  when  judiciously  applied,  it  produces  a  paper  of 
superior  colour,  and  of  adequate  strength  for  all  practical 
purposes. 

The  paper-mill  consists  of  a  water-wheel,  or  other  first 
mover,  connected  with  a  combination  of  toothed  and  other 
wheels,  so  arranged  as  to  cause  tbe  cylinder  in  the  washer^ 
and  the  one  in  the  beating  engine,  which  will  be  hereafter 
described,  to  make  from  120  to  150  revolutions  per  mioate. 
On  the  same  shaft,  and  of  the  same  size  as  the  water-wheel, 
is  a  toothed  or  cogged-wheel,  which  plays  in  a  pinion  ;  the 
spindle  of  this  pinion  is  furnished  with  a  crank,  which,  by 
means  of  a  connecting  rod,  gives  a  reciprocating  motion  to  a 
lever,  for  the  purpose  of  working  two  pumps,  which  raise 
a  constant  stream  of  water  from  the  mill-dam.    This  stream 
of  water  is  kept  running  through  the  rags  in  the  washing- 
engine,  to  carry  away  the  dirt  separated  from  them  by  the 
operation.    The  structure  of  an  engine  is  more  minutely 
explained  by  figs.  371,  372,  373,  374,  &c. ;  fig.  371  being 
a  section  through  the  length  of  the  engines,  and  fig.  372  a 
horizontal  plan. 

fhe  hojge  vat  or  cistern,  A  A,  is  of  an  oblong  figure  cm  the  outside,  (he 
ingles  being  cut  off;  but  the  inside,  which  is  hned  with  lead,  has  atraight 
sides  and  circular  ends.  It  is  divided  by  a  partition,  B  B,  also  covered 
with  lead.  The  cylinder  C  is  fixed  fast  upon  the  spindle  D,  which  extends 
across  the  engine,  and  b  put  in  motion,  as  before  described,  by  the  pinion 
E,  placed  on  the  extremity  of  it.  The  cylinder  is  made  of  wood,  aiid  fur- 
nished with  a  number  of  teeth,  or  cutters;  fixed  B»t  on  its  circumference, 
ptfallel  to  the  axis^  and  projecting  about  an  inch,  as  is  shown  on  a  larger 
scale  at  fig.  375. 

Immediately  beneath  the  cylinder,  a  block  of  wood,  H,  is  placed,  and 
provided  with  similar  cutters  to  those  of  the  cylinder,  which,  when  they 
revolve,  pass  very  near  the  teeth  of  the  blook,  but  do  not  touch;  tlie  dis- 
tance between  them  being  capable  of  regulation,  by  elevating  or  depressing 
the  bearings  on  which  the  necks  D,  D,  of  the  spindle  are  supported.  These 
bearinjgs  are  made  on  two  levers,  F,  F,  which  have  tenons  at  their  ends, 
fitted  into  upright  moruses,  made  in  short  beams,  G,  G^  bolted  to  the  sides 
of.the  engine.  (See  also  fig.  373.)  The  lever^  F,  F,  are  movable  at  one 
end  of  each,  the  other  ends  being  fitted  to  rise  and  fall  on  bolts,  in  the 
beams  G,  as  centres. 

The  front  one  of  these  levers,  or  that  nearest  to  the  cylinder  C,  is  capable 
of  being  elevated  or  depressed,  by  turning  the  handle  of  the  screw  k, 
which,  as  shown  in  fig.  373,  acts  in  a  nut  a,  fixed  to  the  tenonjof  F,  and 
comes,up  through  the  top  of  the  beam  G,  upOn  which  the  head  of^the  serew 
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tmkes  its  bearing'.  Two  brasses  are  let  Into  the  middle  of  the  leyers  F,  F, 
mud  form  the  bearings  for  the  spindle  of  the  engine  to  work  upon.  The 
screw,  b,  b  used  to  raise  or  lower  the  cylinder,  and  cause  it  to  cut  finer  or 
coarser,  by  enlarging*  or  diminishing  the  space  between  the  cutters  in  the 
block,  and  those  of  the  cylinder. 

Near  K,  figs.  371  and  372,  is  a  circular  breas^g  made  of  boards,  and 
coTcred  with  sheet'lead:  it  is  curved  to  fit  the  cylinder  very  truly,  and  leaves 
but  very  little  space  between  the  teeth  and  breasting.  An  inclined  plane, 
K,  leads  regularly  from  the  bottom  -of  the  engine-vat  to  the  top  of  this 
breasting ;  and  at  the  bottom  of  it  the  block,  H,  is  fixed. 

The  engine  b  supplied  with  water  by  a  pipe,  Q,  bringing  it  from  the 
pump;  thb  pipe  delivers  it  into  a  small  cistern,  M,  adjoining,  and  com- 
mumcating  with  the  engine.  The  pipe  has  a  cock,  P,  to  stop  the  entntnce 
of  the  water,  when  required,  or  to  regulate  the  quantity  of  its  discharge. 
The  small  cbtem  has  a  gyrating  fixed  across  it,  covered  with  ahair-stnuner, 
to  catch  any  extraneous  matter  which  may  come  in  with  the  water,  or  a 
flannel  bag  b  sometimes  tied  over  the  orifice  of  the  cock,  P,  through  which 
all  the  water  must  be  filtered.  When  the  engine  is  filled  with  water,  and 
a  quanti^  of  rags  put  in,  they  are,  by  the  revolution  of  the  cylinder,  drawn 
between  its  cutters  and  the  teeth  of  the  block  H.  Tlus  cuts  them  in  pieces, 
then,  by  the  rapid  motion  of  the  cylinder,  the  rags  and  water  are  thrown 
over  the  top  of  the  breasting,  upon  the  inclined  plane;  in  a  short  time  thb 
nuses  more  rags  and  water  mto  that  part  of  the  engine-vat;  and  the  ten- 
dency to  restore  the  equilibrium  puts  the  whole  contents  of  the  vat  in  riow 
motion,  down  the  inclined  plane  K,  and  round  the  partition  B  B,  by  which 
they  come  to  the  cylinder  again  in  about  the  space  of  20  minutes;  so  that 
the  rags  are  repeatedly  cut  and  chopped  in  every  direction,  till  they  are 
reduced  to  a  pulp. 

Thb  circulation  b  of  advantage,  in  turning  the  rags  over  in  the  engine, 
and  causes  them  to  present  themselves  to  the  cutters  in  a  difiTerent  direction 
every  time;  for  as  the  cylinder  cuts  or  clips  in  stnug^t  lines;  in  the  same 
manner  as  a  pair  of  shears,  it  b  requisite  to  cut  the  rags  across  in  different 
directions,  to  reduce  them  to  a  pulp. 

The  manner  of  the  cutting  b  thb:  the  teeth  of  the  block  are  placed 
rather  inclined  to  the  axis  of  the  cylinder,  as  shown  by  fig.  374,  but  the 
teeth  of  the  cylinder  are  parallel  to  its  axis;  therefore,  the  cutting  edg^es, 
when  they  meet,  are  at  a  smaU  angle,  and  come  in  contact  first  at  one 
end,  and  then  successively  the  contacts  proceed  along  to  the  other  end,  so 
that  any  rags  interspersed  between  them  are  cut  in  the  same  manner  as 
they  would  be  between  the  blades  of  a  pair  of  shears.  Sometimes  the 
plates  or  cutters,  K  in  the  block,  are  bent  to  an  angle  in  the  middle,  instead 
of  being  ^ti^ght,  and  inclined  to  the  cylinder;  in  thb  cgse,  they  are 
called  elbow  plates,  and  of  course  the  two  ends  are  both  inclined  to  the 
axb  of  the  cylinder  in  opposite  directions.  In  eitiier  case,  the  edges  of 
the  plate  of  the  block  cannot  be  straight  lines,  but  must  be  curved,  to 
adapt  themselves  tp  the  curve  which  a  line  traced  on  the  cylinder  will  of 
course  have. 

The  plates  or  cutters  of  the  block  are  united,  by  screwing  them  alto- 
gether, and  fitting  tiiem  into  a  cavity  cut  out  in  the  wooden  blook  H;  their 
edges  are  bevelled  away  on  one  side  only,  as  shown  at  k  in  the  section, 
fig.  374.  The  block  is  fixed  in  its  place  by  being  made  dove-tailed,  and 
truly  fitted  into  the  bottom  of  the  cistern,  so  that  the  water  will  not  leak  by 
it  Tlie  end  of  it  comes  through  the  wood-work  of  the  chest,  and  projects 
a  small  distance  on  the  outside  of  it,  beiiig  kept  up  to  its  place  by  a  wedge, 
so  that  by  withdrawing  thb  wedge,  the  block  becomes  loose,  and  can  be 
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reaiOTed»  to  sharpen  the  cutters,  as  oocasion  requires.     Thb  b  done  on  a 
grindstone,  the  pbtes  bemg  first  separated  from  each  oUier. 

The  cutters  of  the  cyHader  are  fixed  into  grooTea,  cut  in  the  wood  of  Ike 
crlbtder,  at  e^ual  distances  from  each  other  round  its  circumference,  m  a 
direction  paiaUel  to  its  axis;  the  number  of  these  groores  is  twenty;  andfcr 
the  washer,  each  groove  haa  two  cutters  or  bars  put  into  it^  then  a  fiUetof 
wood  is  driven  hSt  in  between  them,  to  hold  them  firm;  and  the  fillets  we 
k^>t  fiist  by  spikes  driyen  into  the  solid  wood  of  the  cylinder.  The  beater 
is  made  in  the  same  manner,  except  that  each  groore  contains  three  ban 
and  two  fiJlets,  as  shown  in  ig,  375. 

In  the  operatioB  of  the  cylinder,  it  is  necessary  that  itahould  be  enclosed 
in  a  case,  or  its  £freat  velocity  would  throw  all  the  water  and  rags  out  of  the 
engine.  The  case  is  a  wooden  box,  L  L,  enclosed  on  all  sides  except  the 
bottom;  one  side  of  it  rests  upon  the  edge  of  tiie  vat,  and  the  other  ttpo« 
the  edge  of  the  partition  B  B.  The  Knes,  e  e,  represent  the  edges  of  wood- 
en frames,  whidi  are  covered  with  hair  or  wire<^th;  and  immediatriy  bo- 
hind  these,  the  box  is  made  with  a  bottom,  and  a  ledge  towards  the  ejriia- 
der,  which  makes  a  complete  trough. 

The  dark  spaces,  ee,  va  fig.  371,  shew  the  situation  of  two  openinca^  or 
spouts,  through  the  side  of  the  caae^  which  lead  to  fiatlead-pipos,  i^l^  fig. 
379,  which  are  placed  by  the  side  of  the  vat;  the  beam,  F,  being  cut  avi^ 
for  tiliem.  They  are  waste -pipes,  to  convey  away  die  foul  water  from-tM 
engine;  for  the  cf  Under,  aa  it  turns,  throws  a  great  quantity  of  water  and 
ragt  agaiaat  the  aievesi  the  water  foea  through  them,  and  runs  down  mtM 
the  trmigh  at  <  ^  and  fi^m  thence  into  the  ends  of  the  leadrpipes^  6  K  %• 
373,  by  which  it  is  convened  away;  d,  d,  fig.  371*  are  grooves  for  two  boardsy 
whicl^  when  put  down  m  their  places,  cover  the  hair^ievea,  and  slop  the 
water  fromgomg  through  them,  if  it  is  required  to  retain  the  wates  i»6ie 
engine.  Tma  is  always  the  case  in  thebeating.engine8,  and  thetetee  they 
are  seldom  provided  with  these  waste-pipes,  or  at  most  on  one  ade  only;  the 
other  side  of  the  cover  being  curved,  to  conform  to  the  cylinder.  Except 
this,  the  only  difierence  between  the  washing-engine  and  the  beater  bth^ 
the  teeth  of  the  latter  are  finer,  having  60  instead  of  40  bars  on  its  oircum- 
fercnce;  and  it  revolves  quicker  than  the  washer,  so  that  it  will  eut  and 
di:ride  those  paiticlea  which  pass  through  ^e  teeth  of  the  washer. 

The  rags  being  now  reduced  to  a  state  of  polp,  we  shall  in 
the  next  place  proceed  to  show  the  method  of  forming  it  into 
sheeifl  of  paper. 

It  was  formerly  the  castom  to  allow  a  small,  bat  sufficieot 
portion  of  the  pulp  to  flow  on  a  sieve  famished  with  two 
handles,  which  sieve  was  agitated  by  a  workman  until  the 
pulp  had  subsided  or  settled  regularly  throughout  the  aur* 
face.  This,  when  it  had  passed  through  the  usual  processes 
of  pressing,  drying,  &c.  constituted  a  sheet  of  paper;  and  its 
texture  was  indicated  by  the  fineness  of  the  quality  of  the 
wire  out  of  which  the  sieve  was  constructed. 

This  unmechanical  and  desultory  mode  of  operation  has 
been  obviated  by  improvements  effected  by  oiany  ingenious 
persons ;  but  the  machines  which  are  now  almott  universally 
employed,  and  which  have  most  decidedly  superseded  all 
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other  attempts  at  the  saroe  object,  was  the  invention  of  the 
Messrs  Fourdrinier.  The  action  and  arrangement  of  this 
ingenious  piece  of  mechanism  consists  in  having  a  horizontal 
frame,  of  any  required  length,  furnished  with  a  roller  or 
cylinder  at  each  end,  over  which  is  stretched  an  endless  web 
of  brass  wire,  of  the  requisite  texture  or  fineness  for  the 
paper  about  to  be  manufactured.  At  one  end  of  the  frame, 
parallel  with,  and  immediately  over,  one  of  the  cylinders,  is  a 
long  angular  trough,  into  which  the  pulp  is  received,  whence 
it  issues  through  a  long  slit  or  opening,  which  is  regulated  by 
a  screw,  and  falls  on  the  surface  of  the  web  beneath.  At  this 
period  of  the  process,  the  cylinders  are  set  in  motion,  and 
the  web  proceeds  slowly  forward  with  a  tremulous  motion, 
which  arranges  and  disperses  the  pulp  regularly  over  the 
whole  surface  of  the  web.  This  tremulous  motion  is  im- 
parted to  the  whole  of  the  machinery  by  an  eccentric  move- 
ment. 

As  soon  as  the  paper  arrives  in  this  crude  and  wet  state  at 
the  extremity  of  the  web  of  the  further  cylinder,  it  is  wiped 
and  taken  up  by  a  larger  cylinder,  covered  with  felt  or  flannel, 
and  is  passed  between  a  series  of  similar  cylinders,  and  finally 
delivered  to  a  reel,  and  wound  off  in  a  coil  or  hank  so  long  as 
the  operation  proceeds.  Thus,  paper,  by  the  action  of  this 
ingenious  machine,  may  be  manufactured  to  an  unlimited 
length,  and  of  any  width  that  is  compatible  with  the  manu- 
facture of  wire  web.  The  reel  or  winder  being  now  with- 
drawn, the  coil  of  paper  is  cut  on  both  sides,  forming  sheets 
of  the  length  and  breadth  of  the  machine  and  reel  on  which 
it  is  wound. 

The  arrangement  of  the  different  speeds  of  the  various  cy- 
linders for  moving  the  web,  and  afterwards  pressing  the  paper, 
together  with  the  action  of  the  reel,  and  the  tremulous  motion 
that  is  imparted  to  the  whole  of  the  machinery  by  the  eccentric 
or  wiper,  as  also  the  regular  supply  of  the  pulp  for  the  various 
qualities  of  the  paper  to  be  manufactured,  form  a  most  elegant 
combination  of  ingenuity  and  mechanical  knowledge ;  and  it 
is  only  to  be  lamented  that  the  inventors  and  first  proprietors, 
of  this  great  source  of  national  industry,  should  not  have  ob- 
tained a  reward  adequate  to  the  benefit  which  they  have  con- 
ferred on  their  country. 

The  quantity  of  water  which  a  paper-mill  can  command  to 
turn  its  engines,  generally  limits  the  extent  of  its  trade ;  hence 
the  manufacturers  should  attend  to  every  improvement  of 
the  machinery  which  can  increase  their  effect. 
2  X 
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A  very  targe  and  capital  paper-^milt,  at  Maidstone,  io  Kent, 
which  18  the  principal  seat  of  the  paper  trade  in  England,  is 
worked  by  steam  engines,  and  is  found  to  answer  very  well. 
The  machinery  and  building  of  a  paper-mill  should  be  well 
made,  and  firmly  put  together,  otherwise  its  great  velocity 
and  power  produces  a  tremor,  which  in  time  shakes  every 
thing  to  pieces.  The  noise  and  vibration  of  a  washing- 
engine  is  tremendous ;  for  when  it  revolves  120  times  per 
minute,  and  has  forty  teeth,  each  of  which  passes  by  twelve 
or  fourteen  teeth  in  the  block  at  every  revolution,  it  will  make 
near  60,000  cuts  per  minute,  and  each  of  them  sufficiently 
loud  to  produce  the  most  horrible  growling  sound  which  can 
be  conceived. 

The  beater  revolving  quicker,  having  sixty  teeth,  and  twenty 
or  twenty-four  cutters  in  the  block,  will  make  180,000  cuts 
'  per  minute,  which  is  so  rapid,  as  to  produce  a  coarse  musical 
note  or  humming,  which  may  be  heard  at  a  great  distance 
from  the  mill.  This  great  number  of  cuts  will  account  for 
an  engine  being  able,  in  the  course  of  four  or  five  hours' 
working,  to  reduce  a  quantity  of  rags  to  those  exceedingly 
minute  filaments  of  which  paper  is  composed. 

Mr  John  Dickenson  took  out  a  patent  in  1809,  for  certain 
improvements  on  his  former  patent  machinery  for  cutting  and 
planing  paper,  as  also  for  certain  machinery  for  the  manu- 
facture of  paper  by  a  new  method.  His  description  of  it  is 
as  follows : 

The  first  part  of  the  invention,  consisting  in  certain  improveroenti  in  the 
patent  machinery  for  cutting  and  planing  paper,  is  described  in  the  annexed 
drawings;  wherein  fig.  376  represents  a  sectional  elevation,  ^g.  377  a 
plan,  and  ^g*  378  a  transverse  section.  Every  part  in  the  elevation,  fig. 
376,  is  on  a  line  with  the  same  part  in  the  plan,  fig.  377,  and  the  tame 
parts  are  represented  by  the  same  letters  in  all  the  three  figures;  o  is  a  reel, 
c6vered  with  paper,  b  a  swinging  roller,  to  draw  the  end  of  the  paper  a  little 
back  after  it  has  been  cut;  c  a  bar,  having  a  groove  in  its  upper  surface,  into 
which  the  circular  cutter  d  runs.  The  bar  e  is  movable  up  to  a  certain 
height,  and  connected  with  two  arms,  a;  «^  by  means  of  which  it  may  be 
moved  downwards;  the  springs  e  e  will  elevate  it  again  when  the  pressure 
is  removed  from  the  arms  a?  a?/  /  is  a  sliding  frame,  having  a  pair  of 
tongs  atUched  to  the  front  of  it,  and  marked  g.  The  board  on  which  the 
paper  is  kid  is  marked  A/  and  on  the  side  next  the  tongs  is  furnished 
with  thin  teeth,  1 1.  The  frame  /,  which  carries  the  tongs,  sUdes  in  grooves 
in  the  fhmne  of  the  machine,  and  is  moved  backwards  and  forwards  by  the 
rody,  which  in  drawing  the  tongs  from  the  reel  of  paper  closes  them;  and 
in  forcing  them  back  again  towards  the  reel  of  paper,  opens  them.  On 
each  side  of  the  frame  /is  fixed  a  ranall  roller,  which  act  upon  the  arms  x  x, 
so  that  the  frame  in  being  forced  towards  the  reel  of  paper  presses  the  arms 
down,  and  consequently  moves  the  bar  c  down  out  of  the  way  of  the  tongs, 
which  at  that  period  are  open.  The  end  of  the  paper  is  at  that  time  l^-ing 
even  with  the  extremity  of  the  teeth  i  i,  and  the  jaws  of  the  tongs  closing 


Digitized  by 


Google 


J-'rofn  .?*>•  fv  380  .k  3St   toJSti 


PL  y.i 


377  p  ^18 


y  V 


^.._. 


■'■r-^ 


m^ 


379  pi 


o 

^ 


;       ^ 


\l 


.ns  p  .tjs 


-\ 


Q^ 


rb 


39 1  p38I 


.?,V.I  ,,.^7 


1 


^-     -^^ 


Digitized  by  CjOOQIC 


Digitized  by 


Google 


AND  MACHINIS'^.  379 

immediately  that  the  rod  j  is  put  in  motion  to  draw  the  frame  back,  seize 
the  paper  in  eveiy  interval  between  the  teeth,  and  draw  it  along  with  them. 
IVhen  they  have  carried  it  out  the  length  that  the  sheet  of  paper  is  wanted, 
the  bar  e  having  been  raised  up  to  its  place  by  the  springy  t  e,  the  circular 
cutter  is  thrown  across,  and  as  the  edge  descends  into  the  groove  about  the 
eixteenth  part  of  an  inch»  the  paper  which  is  lying  upon  it  is  cut  through, 
SLnd  the  ends  fall  down  upon  the  heap  below  the  tongs;  being  then  forced 
back,  and  at  the  same  time  opened  bv  the  rod  J,  the  other  end  of  the  sheet 
18  released,  also  the  syringing  roller  b  then  falls  down  upon  the  board  A, 
and  draws  back  the  end  of  the  paper  even  with  the  line  formed  by  the  end 
of  the  teeth  t,  ready  for  being  seized  again  by  the  tones.  The  rods  j^  by 
which  the  frame  carrying  the  tongs  is  moved  backwards  and  forwards,  has 
m  hook  Ac,  which  can  be  fixed  at  any  part  of  the  rod  by  a  screw;  and  the 
dinck  being  furnished  with  pins  m  m,  at  two  opposite  points  on  its  surface, 
these  catch  the  hooks,  and  draw  the  rod,  and  consequently  the  frame,  with 
the  tongs  outwards.  When  the  clinck  has  made  half  a  revolution,  the  hook 
is  stopped  by  the  bar  ft,  and  the  rod  and  frame  remain  stationary  while 
the  paper  is  cut.  When  the  pin  has  got  clear  of  the  hook,  the  rod  and 
frame  are  immediately  drawn  back  by  a  weight  acting  over  a  pulley,  which 
is  connected  with  the  i^  by  the  cord  o.  The  circular  knife  Lb  fixed  in  a 
sort  of  wagon,  having  four  rollers  oj?,  by  means  of  which  it  runs  along  the 
beams  q  q.  The  knife  is  kept  moving  at  the  rate  of  about  five  hundred  turns 
per  minute,  by  means  of  a  band  passing  round  the  small  rigger  r,  and  the 
pulleys  «  «,  which  is  kept  in  motion  by  any  convenient  power.  The  wagon 
may  be  thrown  across  at  the  proper  period  by  the  following  method,  or  any 
other  more  convenient  A  cord  is  attached  to  the  wagon,  acting  over  a 
pulley  with  a  weight  at  the  end,  sufficient  to  draw  it  across  one  way  with 
a  quick  motion  s  tot  drawing  it  across  the  other  way  a  cord  b  attached  to 
the  waeon,  which  is  carried  over  a  pulley,  and  fiistened  to  the  weight  A, 
in  fig.  379,  which  is  much  heavier  than  the  weight  before  mentioned.  The 
endless  band  B  passes  round  the  rigger  D,  which  is  kept  in  constant 
uniform  motion,  according  to  the  rate  at  which  the  paper  is  cut  The  band 
also  passes  round  the  rigger  C,  which  has  a  click  that  stops  it  going  round ; 
consequently  as  the  rigger  goes  on,  it  keeps  winding  up  the  weight  A,  and 
the  spare  band  is  eng^ssed  by  the  smaller  weight  £,  so  that  when  the  click 
that  confines  the  rigger  D  is  removed,  the  weight  A  descends  and  draws  it 
round  a  complete  revolution,  when  it  is  again  caught  by  the  click,  at  the 
same  time  the  weight  A  draws  the  wagon  across,  and  it  is  caught  on  that 
side  the  frame  and  confined  by  a  click ;  when  the  next  sheet  is  to  be  cut  the 
wagon  is  released,  and  the  weight  attached  to  it  on  the  other  side  draws  it 
across  again,  the  heavier  weight  A  being  by  that  time  drawn  up  hig^  enough 
to  allow  of  iu  going  all  across;  the  two  clicks  may  be  contrived  according  to 
any  common  well-known  mechanical  method,  and  the  motion  that  releases 
them  can  be  communicated  with  the  most  advantage  from  the  click  e;  the 
pins  m  m  can  be  fixed  in  holes  <  /  at  a  g^reater  or  less  distance  from  the  cen- 
tre, according  to  the  size  the  paper  is  intended  to  be  cut,  and  the  hook  on 
the  rod  j  must  be  shifted  accordingly.  A  reg^ular  motion  may  be  given  to 
the  click  by  any  convenient  power,  and  at  such  a  rate  as  it  is  required  to 
cut  the  paper. 

The  remainder  of  the  drawing^  is  for  the  purpose  of  explaining  the 
remaining  part  of  the  invention,  consisting  of  certain  machines  or  machinery 
for  the  manu&cture  of  paper,  by  a  new  method.  For  this  |)urpose,  a 
cylinder  is  constructed  so  as  to  possess  the  following  requisites:  in  the  first 
place  it  must  be  hollow  and  open  at  the  ends;  secondly,  the  surface  of  the 
periphery  must  be  like  a  ntft,  with  apertures  communicating  with  the 


Digitized  by 


Google 


380  THE  OPERATIVE  MECHANIC 

iatenial  part  large  enough  to  permit  the  passage  of  water,  bat  caknkted  to 
intercept  fibres  of  rag;  thirdly,  it  must  be  so  contrived  that  the  surface  will 
not  yield  from  its  perfectly  cylindrical  form,  notwithstanding  a  very  consider- 
able deg^e  of  pressure  upon  it;  fourthly,  it  must  be  furnished  with  brottd 
flat  rings  for  the  purpose  of  covering  part  of  its  surface;  at  the  ends  there 
may  be  several  pairs  of  these  rings  of  different  widths,  in  order  toTary  the 
proportion  of  the  surface  which  is  left  uncovered,  provided  the  same 
cylinder  is  extended  for  making  different  sized  papers ;  fifthly,  it  must  be 
hung  upon  an  axis  in  a  horizontal  position,  and  firmly  fixed  in  bearings,  so 
that  it  may  be  turned  by  any  Convenient  power ;  sixthly,  the  nameroua 
small  apertures  on  the  external  surface  must  open  into  a  less  number  of 
large  ones,  communicating  with  the  internal  surface,  with  solid  interstices 
between  them;  seventhly,  it  ought  not  to  be  made  of  wood,  because  it 
would  be  liable  to  warp,  nor  of  iron,  because  it  would  rust,  and  injure  the 
paper;  brass  or  any  other  strong  metal  would  be  found  most  convenient. 
To  construct  a  cylinder   possessing  the   requisites  above-mentioned,  of 
which  the  dimensions  must  be  according  to  the  size  and  thickness  of  the 
paper  it  is  intended,  for  making  the  patentee  takes  a  brass  cylinder,  perfectly 
smooth  inside  and  outside,  excepting  a  small  portion  at  each  end,  which  is 
left  plain,  and  turns  the  outside  so  as  to  resemble  a  screw,  the  threads  of 
which  are  about  a  quarter  of  an  inch  apart,  and  the  twenty-fifth  part  of  an 
inch  in  depth,  with  a  round  edge.  He  then  drills  holes  between  the  threads^ 
which  are  cut  in  a  taper  form,  the  diameter  at  top  being  the  width  of  the 
interval  between  the  threads,  and  at  the  bottom  reduced  to  one-half  that 
size  ;  the  space  on  the  outer  surface  of  the  cylinder,  left  between  these 
holes  on  each  side,  is  equal  to  the  breadth  of  the  thread ;  notches  are  cut  in 
the  threads  for  the  purpose  of  letting  in  cross  wires,  the  diameter  of  which 
is  equal  to  that  of  the  threads,  so  that  when  they  are  hud  into  the  notches 
and  soldered,  or  otherwise  fastened  down,  the  surface  of  the  cylinder  will 
resemble  net-work,  with  openings  of  an  oblong  shape,  and  bavmg  the  sur- 
faces of  all  the  interstices  plane  with  each  other,  and  wound  to  an  equal 
curve.     It  is  then  covered  with  an  endless  web  of  woven  wire,  which  is 
drawn  tight  over  it.     The  ends  of  the  cylinder  are  cut  down,  or  rabbeted, 
so  that  a  ring  may  be  made  to  slide  on  each  end;  and  the  ends  of  the  wire 
are  fastened  to  tliis  ring  by  means  of  small  pktes,  which  are  put  over  the 
wire,  and  screwed  down  upon  the  rings  by  means  of  screws  which  pass 
through  the  wire.     These  rings  are  also  fumi^ed  with  other  screws  for 
the  purpose  of  extending  them  out  from  the  cylinder,  and  the  wire  being 
fastened  to  them,  it  is  by  that  means  stretched  and  drawn  tight  down  upon 
the  surface  of  the  cylinder. 

In  the  annexed  drawing,  fig.  380,  a  to  6  represents  a  transverse  section  of 
a  segment  of  the  cylinder,  C  C  C  being  the  holes ;  ddd^  the  cross  ¥rire;  eeee, 
the  thread  of  the  screw,  which  is  shaded. 

Fig.  38 1  is  a  plan  of  a  portion  of  the  external  surface  of  the  cylinder  where- 
in A  to  B  shows  it  without  the  cross  wires,  or  the  external  wove  wire ;  C  C  C 
are  the  holes,  c  e  e  the  thread  of  the  screw  with  the  notches  cut,  a  a  a,  for  the 
reception  of  the  cross  wires ;  B  to  C  shows  it  with  the  cross  wires  let  in, 
ddd,  which  are  soldered  or  otherwise  fastened  at  their  ends  into  the  ends 
of  the  cvUnder.  C  to  D  shows  it  with  the  woven  wire  laid  over  it,  through 
which  the  the  surface  of  the  cylinder  is  seen  underneath. 

Fig.  382  is  a  section  of  a  part  of  the  cylinder  at  one  end,  where  the  holes 
are  marked  ecc,  the  cross  wires  dddy  the  threads  cee;  the  external  wove 
wire  /,  is  represented  by  a  red  line,  it  is  carried  under  the  plates  g,  and 
fastened,  by  means  of  a  number  of  screws.  A,  down  upon  the  ring  t,  which 
is  shaded,  and  after  it  is  fixed  in  that  manner  at  each  end  of  the  cyfinder. 
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the  ring  t  maybe  extended  from  the  cjlinder  by  means  of  the  larg-er  screws 
R,  and  the  wire  thereby  strained  down  tig-ht  upon  the  surface  of  the  cylinder; 
this  part  of  the  mechanism  is  also  represented  in  the  plan,  fig.  381,  where 
the  different  parts  are  marked  in  the  same  manner,  except  that  the  woven 
wire  is  drawn  in  black. 

Fig.  383  is  a  representation  of  a  connected  web  of  laid  wire,  which  may 
be  laid  over  the  cylinder  exactly  in  the  same  manner  as  the  wove  wire, 
observing  that  the  laid  wires  should  be  parallel  with  the  axis,  and  the 
tying  wires  eeest  right  angles  with  it,  observing  that  the  laid  wires  must 
be  very  fine,  placed  very  near  together,  and  drawn  as  tight  as  possible  at 
the  ends.  The  reason  of  laying  the  cross  wires  dd  d  diagonally,  is  prin- 
cipally  in  order  that  they  may  not  be  parallel  with  the  laid  wires,  in  which 
case  they  would  impede  the  passage  of  the  water;  for  this  reason  they  ought 
to  lay  at  an  ang^e  as  near  45  degrees  as  may  be  convenient;  but  if  the 
cylinder  is  intended  only  for  the  manufacture  of  wove  papers,  the  cross 
wires  may  be  parallel  with  the  axis,  the  holes  ranged  in  rows  also  parallel 
with  the  axis,  and  the  threads  of  the  screw  converted  into  small  beads. 
There  are  other  modes  of  constructing  a  cylinder  possesdng  the  necessary 
requisites,  but  the  patentee  thought  it  expedient  only  to  describe  that  which 
he  conftders  easiest  of  construction,  most  durable,  and  most  efficacious 
in  use.  He  also  proposes  connectinf^  the  rinn  mentioned  as  the  fourth 
requisite,  as  being  necessary  for  covering  part  of  the  surface  of  the  cylinder, 
completed  as  above  at  the  ends  with  arms,  so  as  to  form  caps  that  may  be 
filed  on  to  the  ends  of  the  cylinder,  and  each  being  furnished  with  an  axis. 
It  can  then  be  fixed  in  bearings  for  the  purpose  of  being  turned  by  any 
convenient  power. 

Fig.  384  is  an  outline  section,  representing  it  in  that  situation,  with  a  vessel 
fixed  against  it,  which  is  called  a  back;  the  sides  or  cheeks  of  which  are  cur- 
ved, so  as  to  correspond  with  the  rings  or  surface  of  the  caps;  and  the  bottom, 
.  at  the  point «,  is  made  to  close  in  upon  the  surface  of  the  cylinder,  so  that 
the  vessel  on  all  sides  fits  the  cylinder  in  such  manner,  that,  if  fixed  against 
ity  and  filled  with  any  fluid,  the  fluid  would  have  no  means  whatever  of 
escaping,  except  by  running  through  the  surface  of  the  cylinder,  and  put  at 
the  ends:  the  exact  shape  <^  this  vessel  is  not  material.  He  next  takes  a 
triangular  trough,  or  receiver,  dosed  up  at  the  ends,  and  made  so  that  the 
upper  edges  fit  the  inside  of  the  cylinder,  and  of  such  a  depth  that  the 
bottom  may  be  about  level  with  the  centre  of  the  cylinder,  so  that  this 
being  fixed,  and  the  cylinder  turned  round,  every  part  of  the  upper  edge 
may  rub  against  the  inside  of  the  cylinder,  which  we  have  before  said  must 
be  perfectly  smooth.  In  fig.  380  a  section  is  shown  of  this  trough,  which  has 
an  orifice  at  one  end,  at  the  bottom,  marked  tn.  It  may  be  observed,  that 
at  the  points  n  n  it  comes  in  contact  with  the  internal  surface  of  the 
cylinder. 

Fig.  385  is  an  outline  vertical  section,  wherein  the  trough  is  represented 
fixed  in  the  inside  of  the  cylinder,  and  coloured  blue,  with  the  orifice  m  and 
pipe  communicating  with  it  n.  It  is  to  be  observed,  that  this  trough  is 
finnly  fixed  by  means  of  a  plummer  block  o  o,  which  has  the  top  coupling 
screwed  down  fast,  and  the  trough  is  supported  at  the  other  end  by  means 
of  a  cylindrical  pin,  which  works  in  a  hole  in  the  cap  a.  The  other  cap  b, 
instead  of  an  axis,  has  a  hole  in  the  middle,  fitted  to  the  outside  of  the 
pipe  fly  so  that  it  forms  a  bearing  for  that  side  of  the  cylinder.  The  axis 
of  the  cap  a,  at  the  other  end  of  the  cylinder,  is  supported  in  a  bearing, 
and  has  upon  it  a  cog-wheel  p ;  by  means  of  which  motion  may  be  com- 
municated to  the  cylinder,  and  as  it  turns  round  it  rubs  against  the  upper 
edge  of  the  trough,  which  will  remain  fixed,  and  receive  any  fluid  that 
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piases  through  the  upper  pmrt  of  the  tuHkce  of  the  cylinder,  and  cany  it  off 
through  the  orifice  m  in  the  same  section.  The  cylinder  is  coloured  yeBow, 
the  caps  red,  and  the  parts  which  answers  to  the  rings  are  shaded. 

Fig.  386  is  a  front  Tiew  of  one  of  the  caps. 

Fig.  387  is  a  sectional  elevation  of  the  machinery,  in  a  state  of  prepara- 
tion for  the  manufacture  of  paper. 

Fig  388  is  a  plan  of  the  same.  Each  part  in  the  elevation,  ^g.  38r,  is 
on  a  line  with  the  same  part  in  the  plan,  fig.  d88{  and  every,  part  is  marked 
with  the  same  letter  in  both.  A  is  a  circular  stuff-chest,  into  which  the 
■tuff  is  admitted  from  the  engine.  B  is  an  agitator,  connsttng  of  a  number 
of  arms;  connected  with  the  spindle  C,  which  passes  up  through  a  tube  D, 
in  ti^e  centre  of  the  chest,  and  this  being  turned  by  the  bevelled  ccw^weel  E, 
keeps  the  stuff  in  motion  in  the  chest,  and  also,  by  means  of  the  two 
riggers  F  F,  gives  motion  to  another  small  agitator,  in  the  smaller  Teasel  G^ 
which  is  fur  the  purpose  of  receiving  the  stuff  fit>m  the  first  chest,  and  it  is 
conveyed  through  the  pipe  H,  the  aperture  of  which  isenlai|^  or  contracts 
ed  by  means  of  a  conical  valve,  which  is  acted  upon  by  some  apparatus  I,  on 
the  principle  of  a  ball-cock,  so  that  as  the  vessel  fills  with  stimit -gradually 
closes  the  orifice;  by  this  means  the  stuff  in  the  sraaUer  vessel  G  nay  be 
kept  at  a  uniform  height,  and  the  head  being  -  uniformly  the  sa«e,  the 
discharge  through  the  pipe  J  at  the  bottom  will  be  always  equaL  The 
large  chest  A  may  be  of  any  shape  or  dimensions,  and  agitated  in  any 
convenient  manner;  the  smaller  chest  G  ought  to  be  circulate  and  about 
18  inches  diameter,  and  the  same  depth.  The  use  of  it  is  to  cause  aa 
uniform  discharge,  which  would  not  take  place  if  the  stuff  were  to  pass  from 
the  large  chest  witbput  any  intermediate  vessel;  because  its  paasaffe  through 
the  pipe  would  be  more  or  less  rapid,  according  to  the  height  or  the  head, 
which  would  be  continually  varying  in  proportion  to  the  consumption  or 
accumulation  of  stuff.  In  the  pipe  J  there  b  a  cock  K,  by  means  of  which 
the  quantity  of  stuff  that  is  permitted  to  pass  may  be  regulated  with  the 
gfreatest  deg^e  of  nicety;  and  when  it  is  once  ascertained  what  proportion 
of  stuff  is  required,  no  variation  in  the  supply  can  take  place.  The  beat 
sort  of  cock  or  valve  for  the  purpose  will  be  such  an  one  as  leaves  an  open- 
ing for  the  stuff,  which  is  nearly  round  orsquare,  because  if  it  were  narrow 
the  stuff  might  lodg^.  The  pipe  J  descends  into  the  pipe  K,  through  which 
there  is  a  constant  and  rapid  flow  of  water,  and  it  carries  away  the  supply 
of  pulp  from  the  pipe  J,  and  they  pass  together  into  the  vessel  L,  in  which 
there  are  two  agitators  M  M,  kept  in  pretty  quick  motion  by  means  of  the 
^^^^  N  N.  In  this  vessel  and  in  the  pipe  K  the  water  and  stuff  beconie 
intimately  mixed  and  fbrmed  into  pulp,  of  a  proper  consistency  for  working; 
but  it  is  to  be  observed,  that  in  making  paper  by  this  method  about  four 
times  as  much  water  should  be  introduced  into  the  pulp  as  is  made  use  of 
in  the  ordinary  modes  of  paper-making.  From  the  vessel  L  the  pulp  flows 
through  the  pipes  O  O  into  the  vessel  F,  which  has  been  before  described 
in  fig.  384,  apd  called  a  back.  Q  Q  are  waste  pipes,  for  adjusting*  the  hdght 
of  the  head,  or,  in  other  words,  the  level  of  the  pulp.  In  the  back  R  is  5ie 
hollow  cylinder,  described  in  figs.  380,  381,  382,  383,  384,  and  385,  and 
the  cylinder  being  in  moti6n  in  the  direction  described  in  the  drawings 
the  water  is  constantly  flowing  through  the  surface  of  it  from  the  point  8 
to  the  point  T,  that  is  to  say,  through  every  part  which  is  covered  by  the 
pulp,  and,  as  the  water  passes  through,  the  fibres  of  rag  are  1^  on  the 
surface,  so  that  ihey  are  generally  accumulating  on  any  gfiren  part  of  the 
surfiu^e  of  the  cylinder  during  the  whole  of  its  passage  from  the  point  8  to 
the  point  T:  and  when  it  emerges  from  the  pulp  at  the  point  T,  the 
quantity  requisite  for  the  composition  of  a  sheet  of  paper  is  collected. 
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mod  this  takes  place  in  endless  saccession  as  long  as  the  motion  is 
continued,  and  an  uniform  supply  of  pulp  is  kept  up.  It  has  been  before 
•tated,  that  when  the  sur&ce  of  the  cylinder  emerges  from  the  pulp 
mt,  the  point  T,  the  quantity  of  fibre  requisite  for  the  composition  of  a 
sb«et  of  paper  is  poUectedi  but  at  that  period  so  much  water  is  con- 
tjdned  among  them,  that  it  is  necessary  to  drain  off  the  greater  part  of  it 
Ixefore  it  will  admit  of  any  sort  of  pressure  usually  made  use  of  for  squeezing 
out  the  water,  and  for  compressing  the  fibresofra^  together,  for  the  purpose 
of  making  them  cohere ,  and  thereby  giving  tenacity  to  the  paper.  For  this 
purpose  Uie  trough  V,  the  construction  of  which  is  more  fully  explained  in 
figs.  380  and  385,  is  fixed  in  the  inside  of  the  cylinder,  and  made  to  fit  tight 
all  round  its  upper  edg^.  It  has  a  communication  with  the  pipe  W,  as  is 
represented  in  fig.  385,  where  the  pipe  is  pointed  out  by  the  letter  n;  and 
this  pipe  is  connected  with  a  pair  of  double-acting  pumps  X  X,  placed  in  a 
cistern  of  water,  so  that  when  those  pumps  are  put  in  motion,  the  air  con- 
tained in  the  triangular  space,  enclosed  between  tne  trough  and  the  cylinder, 
is  immediately  dniwn  out,  and  consequently  the  pressure  of  the  atmosphere 
takes  place  upon  the  sur&ce  of  the  cyhnder,  which  is  covered  with  pulp,  in 
the  state  before  described,  and  thereby  rendered  nearly  impervious  to  the 
air.  The  immediate  effect  produced  is  the  squeezing  out  the  water,  and 
laying  the  pulp  down  in  a  compact  state  on  the  surfiu^e  of  the  cylinder,  so 
that  the  paper  cannot  be  disturbed  at  the  point  Z,  by  the  pressure  of  the, 
solid  roller  a.  This  part  of  the  process  I  call  the  pnewnatic  pressure.  The 
periphery  of  the  roller  a  moves  it  exactly  the  same  rate  as  the  periphery  of 
the  cylinder  It,  and  in  the  direction  described  in  the  drawine.  The  roller 
d  n  made  to  fit  in  exactly  between  the  inside  of  the  caps,  described  in  fig.  385» 
so  that  it  shall  only  press  upon  the  paper  covering  the  surface  of  the  pervious 
cylinder.  The  sur&ce  of  the  roller  A  should  be  smooth,  and  the  paper  will 
adhere  to  it  instead  of  the  pervious  cylinder  R,  and  be  led  round  by  it  to 
undergo  a  second  pressure  between  the  roller  a  and  the  roller  b,  which 
latter  has  a  pervious  surface,  consequently  the  paper  will  be  produced 
sufficiently  dry  for  leading  off  to  the  cutting.  It  is  well  known  by  paper- 
makers,  that,  independent  of  the  quality  of  the  materials,  the  strength, 
smoothness,  and  beauty  of  papers  depend  upon  the  arran^ment  of  the 
fibres  of  rag  of  which  it  is  composed^  that  in  a  welUmade  sheet  of  paper 
the  fibres  are  ranged  in  a  horizontal  and  parallel  direction,  and  a  manu- 
fiycturer  describinp^  such  a  sheet  of  paper,  would  say  that  the  stuff  was  well 
shut,  which  quahty  all  paper  must  possess  in  a  greater  or  less  degree, 
because  otherwise  the  parts  of  the  sheet  will  scarcely  cohere  together,  the 
surface  will  be  rough,  the  thickness  uneven,  and  the  paper  devoid  of 
beauty,  and  not  adapted  for  use.  In  the  modes  of  paper-making  exercised 
hitherto,  this  indispensable  object  has  been  accomplished  by  shaking  the 
mould  or  wire  on  which  the  pulp  is  settling,  so  that,  as  the  water  runs  off, 
the  fibres  are  laid  flat  upon  the  surface  of  the  mould,  and  arranged  in  a 
parallel  direction;  but  in  making  paper  by  the  machinery  above  described,^ 
the  stuff  is  perfectly  well  shut,  without  any  shaking,  the  fibres  of  rag  being 
deposited  gradually,  in  a  longitudinal  direction,  by  means  of  the  friction 
which  takes  place  upon  the  cyHnder,  in  consequence  of  its  motion  being  in 
an  opponte  direction  to  that  of  the  stream  of  pulp,  the  effect  of  which  is  to- 
smooth  down  the  fibres  of  rag  as  they  are  upon  the  cylinder,-  and  it  is 
necessarily  continued  during  the  whole  time  of  the  formation  of  the  paper,, 
and  must  be  uniform  throughout  every  part  of  it .  The  reason  of  introdudng 
so  large  a  quantity  of  water  into  the  pulp,  is  in  order  that  every  fibre  may 
be  afloat  separately,  and  at  liberty  to  take  a  direction  according  to  the  in- 
fluence of  these  courses. 
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It  is  to  be  obtenredi  that  the  principle  here  developed  would  admit  of  other 
less  eligible  modifications,  such'  as  confining  a  body  of  the  pulp  on  the 
surface  of  an  endless  well  of  woven  wire,  carried  round  cylinders,  as  in  the 
outline  section,  fig.  389,  or  supporting  it  on  a  cylinder  of  a  large  aze,  as  in 
the  outline  section,  fig.  S90,  without  applying  the  pneuinatic  pressure  m 
either  case. 

In  fig.  389  the  cylinder  abe  should  be  holloW|^  and  have  pervious  surfaces. 

In  fig  390  the  cylinder  might  be  of  a  more  simple  construction  than  that 
described  in  figs.  380,  381,  382,  384^  and  385,  but  unless  of  a  very  large 
size  indeed,  it  could  only  be  made  use  of  for  making  very  thin  paper%  be- 
cause the  water  requires  so  long  time  to  run  off  beftire  the  paper  will  ad- 
mit of  any  mechanical  pressure. 

It  is  to  be  observed,  that  in  making  paper  by  this  method,  after  a  certain 
quantity  of  fibres  of  rag  are  deposited  on  the  surface  of  the  cylinder,  it  ren- 
ders the  passage  of  the  water  and  the  accumulation  of  more  fibres  so  diffi- 
cult, that  without  a  considerable  height  of  pulp  the  pressure  will  not  be 
sufficient  to  force  the  water  through  the  cylinder,  and  the  fibres  of  rag  laying 
upon  it,  the  consequence  of  which  would  be,  that  the  fibres  of  rag  accumu- 
lated on  the  surface  of  the  cylinder  would  be  washed  ofif  by  the  pulp,  or  veiy 
much  disturbed  before  they  arrived  at  the  point  T,  which  is  the  level  of  the 
pulp  in  the  back;  to  obviate  this,  it  will  be  necessary  to  add  the  pressure  df 
the  atmosphere  to  the  weight  of  the  water  in  making  thick  papers,  which 
may  be  done  by  extending  one  side  of  the  trough  V  below  the  level  of  the 
pulp,  so  as  to  cause  a  suction  under  that  part  of  the  cylinder  which  is 
covered  by  the  pulp,  as  well  as  under  that  part  which  has  emerged  from  it. 
For  this  purpose  a  wider  trough  would  be  necessary;  but  at  all  events  the 
exact  proportion  of  the  cylinder,  covered  by  the  trough,  b  not  material, 
because  it  will  be  found  by  experience  what  width  is  sufficient  for  drying  the 
paper,  so  as  to  enable  it  to  have  the  pressure  of  the  roller  a.  The  roller  a 
ought  to  press  on  the  cylinder  R  idiout  the  point  which  is  over  one  aide  of 
the  trough  V,  and,  according  as  the  trough  is  shifted,  the  roller  should  be 
shifted  also;  but  this  pressure  ought  to  be  not  less  than  forfy-five  degrees 
above  the  level  of  the  axis,  because,  otherwise,  part  of  the  water  presaed 
out  of  the  paper  will  be  absorbed  by  it  again,  whereas,  from  the  position  it 
acts  in,  in  the  drawing,  fig.  387,  the  water  will  be  sucked  into  the  trough. 
The  roller  a  should  not  be  fixed  in  bearings,  but  confined  down  upon  the 
cylinder  by  weights,  suspended  upon  each  end  of  the  axis,  which  may  be 
adjusted  according  to  circumstances,  and  in  all  cases  the  principal  pressure 
riiould  be  upon  the  roller  b.  The  water  which  runs  through  the  cylinder  in 
fig.  387  and  388,  and  oUt  at  the  end,  falls  in  the  first  instance  into  the  cis- 
tern C,  from  whence  it  passes  through  the  pipe  d  into  the  cistern  e,  and 
from  thence  is,  by  means  of  a  pair  of  double-acting  pumps //^  forced  through 
the  pipe  K  into  the  vessel  L,  so  that  it  continually  returns  for  tfie  same  purpose 
of  condoctingthe  pulp  of  the  cylinder  from  the  pipe  J.  The  pipe  G  is  a  sort 
of  gauge,  by  means  of  which,  after  the  pulp  rises  to  a  proper  height  in  the 
vessel  L,  the  remainder  of  the  water  is  carried  off  into  Uie  cistern  C,  where 
there  may  be  a  waste  pipe  for  conveying  off  the  superfluous  quantity.  The 
water  drawn  from  the  cylinder  R,  through  the  trough  V,  by  means  of  the 
air  and  water  pumps  X  X,  may  run  to  waste.  The  size  of  the  cylinder  R, 
and  of  the  trough  V,  must  be  regelated  according  to  the  substance  and  di- 
mensions of  the  paper  it  is  intended  for  making.  Fifteen  inches  will  be 
sufficient  for  the  diameter  of  a  cylinder  intended  for  making  paper  equal  in 
substance  to  a  paper  twenty-two  inches  by  seventeen  inches  and  a  half, 
weighing  twenty  pounds  per  ream;  the  length  of  the  cylinder  is  entirely 
arbitrary.    The  thickness  of  the  paper  made  by  a  cylinder  may  be  adjusted 
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in  TBrious  ways:  fint»  by  udng  cyfinden  of  TBrioos  djametert;  secondfy,  by 
accelentiiig  or  retarding  the  motion  of  the  cylinder;  thirdly,  by  raiying  the 
proportion  of  the  surface  of  the  cylinder,  which  is  coyered  with  pnlpi 
tburthly,  by  yaiying  the  consistency  of  the  pulp.  The  periphery  of  the  cylin- 
der ought  to  more  at  the  rate  of  about  thirty-aix  feet  per  minute;  the  pulp 
ought  at  all  events  to  be  very  thin,  and  therefore  the  roost  eligible  mode 
of  adjustinflp  the  thickness  of  the  paper  would  be  by  varying  the  pro- 
portion of  tne  surface  of  the  cylinder,  which  is  covered  with  piupf  conse- 
quently for  thicker  papers  a  larger  cylinder  would  be  necessary,  or  a  back 
maj  be  made  use  of,  extending  higher  up  towards  the  point  Z,  so  as  to  cover 
a  larger  proportion  of  the  surface  of  the  same  cylinder:  and  for  thinner  paper 
a  back  mis^ht  be  made  use  of  covering  less  of  the  cylinder,  as  in  fig.  390,  by 
means  of  the  cock  in  pipe  J.  The  quantity  of  pulp  supplied  to  the  cylinder 
can  be  adjusted  with  the  greatest  accuracy,  consequently  the  thickness  of 
the  paper  may  be  preserved  uniform,  or  varied  at  discretion,  provided  the 
thickness  of  the  pulp  in  the  chest  A,  and  the  motion  of  the  cylinder  K  be 
continued  imiform.  By  means  of  the  {^ge  pipes  Q  the  level  of  the  pulp  in 
the  back  P  can  be  varied  till  the  most  eligible  pomt  for  the  cylinder  to  emeige 
from  the  pulp  is  ascertained,  and  the  supply  of  water  through  the  pipe  r 
must  be  adjusted  accordingly.  It  tdmj  be  laid  dovm  as  a  general  rule,  that 
the  thicker  the  paper  the  higher  should  be  the  level  of  the  pulp  in  the  back. 
In  order  to  close  tne  trough  V  tight  upon  the  cylinder  R,  tne  patentee  pro- 
poses packing  it  all  round  the  top,  where  it  comes  in  contact  withinaide  of 
the  cylinder,  as  at  the  points  n  n,  in  the  section  fig.  380. 

The  mode  of  packing  is  so  well  known,  that  it  is  unnecessary  to  give  any 
description,  except  the  representation  in  the  drawing.  The  friction  of  the 
back  P  upon  the  cylinder  may  be  taken  off  by  strips  of  woollen  cloth  or 
leather,  particularly  at  the  line  across  from  the  point  S. 

Figs.  391  imd  392  are  for  the  purpose  of  explaining  a  more  simple  mode 
of  construction.  A  is  a  hollow  cylinder,  with  a  pervious  surface,  which  may 
be  used  in  cases  when  the  pneumatic  pressure  is  not  applied^  aaa  ib  the 
thread  of  a  screw;  b  b  b  represent  cross-bars,  carried  across  the  interml 
surface  parallel  with  the  axis.  The  best  mode  of  constructing  it  will  be  to 
cast  a  cylinder  with  the  bars  in  the  inside,  and  to  cut  the  screw  deep  enough 
to  form  an  opening  between  every  bar.  It  should  be  fhmished  with  cross 
wires,  c  e  £,  and  covered  with  wove  wire,  in  the  same  way  as  the  cylinder 
R.  It  might  be  made  on  a  larger  or  smaller  scale,  according  to  the  purpose 
for  which  it  is  required.  The  roller  6,  in  figs.  387  and  388,  may  be  made 
in  this  manner,  but  stronger  as  a  great  degree  of  pressure  is  intended  to 
take  place  upon  it 

When  the  machinery  is  to  work,  the  agitator  and  pumps  should  be  set  in 
motion,  first  by  turning  the  shaft  K,  and  then  the  cylinder  R,  by  means  of 
the  cog-wheel  P,  whi<£  gives  motion  to  the  rollers  a  and  ^  by  cog-wheels 
q  and  r.  The  mode  of  giving  motion,  and  the  situation  of  the  pumpa 
and  stuff-chest,  may  be  arrangdl  according  to  convenience,  but  the  motion 
ought  to  be  perfe<^y  regular. 
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COTTON  MANUFACTURE. 

Cotton  18  a  fibrous  vegetable  substance,  the  produce  of  a 
small  tree  called  the  gossypiuro,  or  cotton  plant,  which  grows 
naturally,  and  is  much  cultivated,  in  the  tropical  regions  of 
Asia,  Africa,  and  America. 

The  cotton,  when  collected  from  the  pod,  contains  the  seed, 
and  pieces  of  the  husk  by  which  it  was  enveloped  is  attached 
to  it ;  it  has  therefore,  preparatory  to  being  subjected  to  the 
operation  of  spinning,  to  undergo  a  process  that  will  divest 
it  of  these  superfluous  parts.  The  ancient  mode  of  effecting 
this  was  by  what  is  termed  bowing  it;  that  is,  exposing  it  to 
the  action  of  a  bow,  about  four  feet  long,  such  as  is  used  at 
the  present  day  by  hatters.  The  process  consisted  merely  in 
placing  the  cotton  upon  a  square  table  with  horizontal  chinb 
cut  through  it,  and  submitting  it  to  the  repeated  action  of  the 
bow  until  the  dust,  seed,  and  superfluous  parts  had  separated 
and  fallen  through  the  chinks.  This  inconvenient  and  desul- 
tory mode  has  in  modem  times  been  superseded  by  a  far  more 
eQectual  and  expeditious  one,  by  the  application  of  a  ma- 
chine called  a  gin.  Gins  are  of  two  kinds,  the  one  called  the 
roller-gin ;  the  other  the  saw-gin. 

The  reiler-gin  it  represented  in  fig^.  399.  It  consists  of  two  shallow  flated 
rollers  a  mnd  6,  pbiced  so  near  to  each  other,  that  when  the  cotton  is  thrust 
against  the  line  where  they  enter  into  contact,  they  immediately  seize  hM  of 
it  and  draw  it  in  between  them,  while  the  seeds  and  other  particles,  not 
being  able  to  pass  through,  fall  into  the  box  K,  and  are,  by  the  slanting  di- 
rection of  its  bottom,  defiyered  on  one  side.  The  motion  is  commcmicated 
by  means  of  the  treadle  and  crank  C  D,  and  is  equi^ed  by  the  fly-whee] 
K.  The  cotton  is  presented  to  the  roUers  over  the  boaid/^,  and  is  drawn 
between  them,  and  delivered  at  I  H.  In  Swith.  America  t&s  land  of  gin 
is  much  used,  and  a  negro  working  with  one  of  them  can  dean  from  30  lbs. 
to  40  lbs.  weight  of  cotton  per  day,  which,  however,  is  considered  heavy 
work. 

The  muy-gm  is  given  hi  section  in  fig.  400.  The  cotton  is  thrown  into  the 
receptacle  A  B,  on  ^at  side  marked  C  D,  which  is  formed  of  strooe  wirei 
placed  parallel  to  each  other,  to  admit  the  circular  saws  E,  fixed  on  Uie  axn 
F,  behmd  the  gating,  about  an  eight  of  an  inch  apart,  to  pass  between 
them.  Bv  this  means,  the  teeth  of  the  saws  seize  hold  of  the  cotton  and  draw 
it  through  the  bars;  and  the  seeds  and  other  superfluous  parts,  being  two 
bulky  to  pass  through,  renuun  behind,  and  eventually  fall  through  the  ape^ 
ture  G.  The  cotton  is  brushed  from  the  saws  by  a  circular  bnuh  if,  made 
to  revolve  rapidly  on  its  axis.  The  motion  is  communicated  by  manual  or 
any  other  power  applied  to  the  axis  F,  upon  one  end  of  which  is  the  wheel 
K,  acting  m  the  pimon  M,  fixed  to  one  end  of  the  axis  of  the  brush. 

The  application  of  the  power  of  horses  to  either  the  roller, 
or  saw-gin,  would  greatly  aid  the  process,  which,  as  we  be- 
fore have  stated,  is  considered  heavy  work  Cor  the  negroes, 
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and  on  that  aceount  is  much  avoided.  An  objection  has  been 
started  to  the  applying  of  this  power,  under  a  supposition, 
that  the  animal  by  changing  his  speed  would  injure  the  cotton ; 
it  is  almost  superfluous  to  add  that  many  simple  contrivances 
nnay  be  adapted  to  equalize  the  motion,  and  prevent  these 
dreaded  effects. 

When  the  cotton  has  undergone  either  of  these  processes, 
it  is  packed,  and  exported  to  the  European  markets. 

When  it  arrives  in  this  country,  it  is  again  submitted  to 
the  action  of  machinery  for  the  further  separation  of  the  ex- 
traneous matter,  unless  it  is  to  be  spun  into  coarse  yarn, 
when  the  preceding  process  is  considered  sufficient. 

The  first  machine  that  we  ^all  describe  as  ased  in  this  country  for  the  far- 
ther clearing  of  the  particles  is  called  a  picker,  and  is  represented  in  fig.  393. 
A  and  B  are  two  rollers,  having  an  endless-cloth,  C  D,  stretched  over  them. 
This  cloth  is  called  the  feeding-cloth,  and  its  upper  surfiice  is,  b^the  reyohi- 
tion  of  the  rollers,  always  carried  towards  D.  £  and  F  are  two  fluted  roUers, 
which  nearly  touch  each  other,  and  revolve,  so  that  their  touching  surfaces 
pass  towards  6  H.  6  H  1 R  are  cylinders,  covered  on  their  outer  surfiices 
with  long  blunt  pins,  making  about  250  revolutions,  in  the  direction  of  the 
letters,  per  minute.  L  L  is  a  gating  of  wires  for  the  seeds  to  fidl  through, 
when  the  cotton  carried  by  the  feeding-cloth  is  delivered  by  the  small  rollers 
opon  the  face  of  G  H.  By  the  rapid  revolution  of  G  H ,  the  cotton  is  thrown 
against  the  top  O  P,  and  is  carried  forward  and  delivered  upon  the  cylinder 
1 K,  which  in  like  manner  carries  it  rapidly  round,  draws  it  over  the  gating, 
and  delivers  it  back  upon  the  lower  hce  of  G  H,  which  after  havhig  drawn 
h  over  the  remainder  of  the  gratmg,  and  divested  it  of  the  remainder  of  tto 
seeds  and  particles  of  dust,  deposits  it  in  the  box  R  R. 

This  machine  is  liable  to  injure  the  staple  of  the  cotton,  and  is  therefore 
Ntperseded  by  another  caUed  a  batter,  represented  in  fig.  401.  In  this  ma- 
ohme,  the  feeding-cloth  upon  the  rollers  A  and  B  carries  forward  the  cotton 
to  the  rollen  e  and  d,  which  deliver  it  upon  the  curved  rack  or  grating  d  e, 
while  a  scotcher,  g  h,  revolving  rapidly  upon  its  axis,  strikes  the  cotton  with 
Its  two  edges  g  and  A,  and  divides  it;  at  the  same  time  a  draught  of  air,  creat- 
ed by  the  revolution  of  the  fan  I,  blows  the  cotton  forward  over  the  grating 
K  K,  divests  it  of  the  superfluous  parts,  and  ultimately  deposits  it  in  a  box 
at  the  end. 

The  cotton  is  now  considered  in  a  state  fit  for  the  opera- 
tion of  spinning;  which  is  differently  performed  according 
to  the  purposes  to  which  the  yarn  is  to  be  applied.  The  dif- 
ferent sorts  of  spinning  may  be  classed  under  the  respective 
heads  of  Jenny,  mule,  and  water  spinning. 

Mide-spinningj  which  is  by  far  the  most  perfect  process, 
and  by  which  the  finest  yarn  is  produced,  shall  first  have  our 
attention. 

In  this  process,  when  the  finest  yarn  is  to  be  produced,  the 
cotton,  instead  of  being  submitted  to  the  operation  of  either 
of  the  machines  before  described,  is  cleansed  entirely  by  the 
hand.    The  mode  of  effecting  this  is,  by  spreading  the  cotton 
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upoD  a  strong  netting  of  cords  stretched  on  a  framey  and  beat* 
ing  it  with  osier  wands  till  divested  of  its  impurities.  It  then 
umlergoes  the  elementary  operations  of  carding,  drawing, 
stretching  and  plying,  and  twisting ;  the  whole  of  which  are 
essential  in  the  manufacture  of  mule  yarn. 

Carditis  is  performed  by  twokindsof  engines,  one  of  which, 
called  the  breaker,  operates  upon  the  cotton  preparatory  to 
its  being  submitted  to  the  operation  of  the  other,  called  the 
finisher. 

A  card  b  a  kind  of  brush,  formed  by  making  wires  into  the  form  of  sta- 
ples, as  represented  in  (ig.  394.  The  two  legs  of  the  staples  are  placed 
through  holes  in  a  flexible  piece  of  leather,  and  present  to  the  side  Tiew  a 
form  similar  to  that  shown  in  the  figure,  where  A  B  is  the  leather,  and  C  D 
the  wires  forced  through  it.  Cards  are  formed  in  two  ways;  the  one  called 
sheet-card,  is  made  about  four  inches  wide,  and  1 8  inches  long,  or  of  a  length 
corresponding  wilii  the  width  of  the  main  cylinder,  which  they  have  to  cover; 
the  other,  cafied  fiUet-card,  is  made  in  one  continuous  band  or  fillet,  and  is 
used  for  corering  the  doffer  cylinder.  The  teeth  of  the  fillet-card  are  plac- 
ed pointing  in  the  direction  of  the  length  of  the  fillet,  and  completely  cover 
the  cylinder  to  which  they  are  applied;  whereas  in  sheet-cards  a  space  b 
left  between  every  sheet,  as  may  be  seen  on  the  main  cylinder,  fig.  395. 

Fig.  395  represents  a  sectional  view  of  the  immediate  worldng  parts  of  a 
breaker  cardmg-engine.  A  is  the  main  cylinder,  covered  with  sheetpcardsi 
B  the  doffer  c^oinder,  covered  with  fillet-card;  C  C  C  are  the  tops;  e^  is  the 
feeding-cloth  supplied  with  cotton,  which  has  been  previously  weighed, 
moving  forward  over  the  roUer,  /,  by  means  of  the  roller  ^ ,  and  delivering 
the  cotton  between  the  feeding-rollers  H  H,  which  cany  it  to  the  main  cy- 
linder. The  main  cylinder  revolves  rapidly  in  the  direction  of  the  dart,  and 
carries  the  cotton  upward  between  itself  and  the  tops,  which  are  coveted 
with  sheet^cards,  about  1  j  inches  to  2  inches  wide,  so  that  they  may,  as 
nearly  as  possible,  follow  the  curve  of  the  main  cylinder.  I  is  the  Ii4>ping- 
cyliuder,  having  a  wooden  roller  n,  laying  upon  its  upper  suiftce;  and  K 
is  the  doffer  or  taker-off,  having  affixed  to  it  the  steel  comb  called  the 
doffingwplate. 

The  doffing-plate  may  be  seen  more  at  larg^  in  ^.  396,  which  represents 
a  fi^ont  view  of  the  dotter-cylinder  on  a  larger  scale.  On  inspectmg  this 
firure,  it  will  be  seen,  that  the  doffing-plate  L  L,  whose  lower  edge  is  form- 
ed like  a  comb,  is  fastened  across  the  whole  of  the  doffer  cylinder,  and  is 
supported  by  the  two  uprights  m  m,  fastened  on  two  cranks  on  the  shaft  ns 
n  3 .  The  upper  parts  of  these  uprights,  m  m*  are  festened  to  coiresponding 
cranks  at  nn,  so  that  the  doffing-pkte,  by  the  revolution  of  the  shaft,  is 
made  to  move  downwards  while  in  contact  with  the  dofi*er  cylinder,  and  up- 
wards while  away  fromit  The  cotton  is  taken  in  by  the  feeding-roUen, 
and  is  carried  up  by  the  main  cylinder  and  passed  between  it  and  the  tops 
or  flats,  whose  teeu  lie  in  an  opposite  direction  to  those  of  the  main  cylin- 
der, and  by  whose  united  action  the  cotton  is  combed,  divided,  and  cleans- 
ed, and  its  fibres  placed  in  a  direction  more  parallel  to  each  other. 

The  main  cylinder,  by  its  revolving  motion,  is  soon  covered 
with  cotton,  and  is  divested  of  it  by  the  doffer  cylinder,  which 
is  placed  so  as  nearly  to  touch  it,  and  which  moves  at  a  much 
slower  speed,  in  the  direction  of  the  dart.  The  effect  of  this 
engine  would  therefore  be  to  distribute  thecottonequalty  over 
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the  main  cylinder,  the  top  cards,  and  the  doffer  cylinder ;  but 
the  doffing-plate,  by  the  action  already  described,  is  continu- 
ally clearing  the  doffer  cylinder ;  whose  points  are  conse- 
quently left  bare  to  receive  a  fresh  supply  from  the  main  cy- 
linder. The  doffing-plate  continually  strips  the  doffer-cy- 
linder  of  the  carded  cotton,  which  it  delivers  upon  the  lap- 
ping cylinder  in  one  continuous  web  of  about  18  inches  wide, 
which  is  the  usual  width  of  the  engines  for  fine  work. 

When  the  top  cards  are  covered  with  cotton,  an  attendant 
is  appointed  to  take  them  off  and  to  divest  them  of  the  cotton 
by  means  of  a  card  nailed  on  a  board,  which  he  carries  in  his 
hand  for  that  purpose. 

The  quantity  of  work  delivered  to  the  engine  is  ruled  by 
the  speed  of  the  cylinders  and  quality  of  the  cotton.  When 
it  has  passed  through  the  engine,  and  is  wound  upon  the  lap- 
ping cylinder,  (which  is  so  adjusted  as  to  contain  about  120 
laps,)  the  attendant  lifts  up  the  roller  D,  makes  a  division 
ID  the  circular  web,  and  takes  it  off  the  roller. 

In  this  operation  we  are  presented  with  the  first  act  of  ply- 
ing or  doubling,  which  is  introduced  in  the  process  of  spin- 
ning in  order  to  obtain  equality  in  the  strength  and  thickness 
of  the  yarn. 

llie  cotton  18  in  this  state  called  a  lap ,  and  is  immediately  taken  to  a  finisher- 
engine,  which,  in  general,  is  disposed  back  to  front,  immediately  after  the 
br^Jcer-engine,  as  may  be  seen  in  fig.  397.  The  construction  of  the  finisher- 
engine  is  exactly  similar  to  that  of  the  breaker-engine,  except  that  instead 
of  having  a  lapping  cylinder,  the  cotton,  when  it  leaves  the  dofier,  is  drawn 
through  a  mouth-piece,  R,  formed  like  the  end  of  a  trumpet,  by  means  of  the 
rollers  •  and  /,  and  is  delivered  into  the  can  W.  The  rollers  8  and  /  may  be 
seen  in  section  in  this  figure,  and  in  a  front  view  in  fig.  396.  Previously, 
however,  to  leaving  this  process,  we  shall  make  a  few  remarks,  as  it  is,  with 
much  propriety,  considered  the  very  foundation  of  all  good  spinning. 

The  breaker-engine  for  spinning  fine  cotton  is  generally 
covered  with  cards  of  a  fineness  that  will  admit  i25  teeth,  or 
450  points,  in  a  square  inch;  and  the  finisher  275,  or  550. 
But  spinners  are  much  divided  on  this  subject,  and  in  some 
mills  the  same  work  is  performed  with  cards  one-fifth  coarser 
than  it  is  in  others.  The  top  cards  are  in  general  one-tenth 
coarser,  and  those  of  the  dofier  cylinder  one-tenth  finer,  than 
those  on  the  main  cylinder :  and  in  some  manufactories,  at  the 
back  part  of  the  engines,  where  the  cotton  first  arrives,  coarser 
top  cards  have  been  introduced,  with  a  view  of  divesting  the 
cotton  of  the  largest  particles  of  extraneous  matter,  and  in 
some  instances  have  been  again  laid  aside  as  superfluous. 
Cards  must  be  set  easy  in  the  leather,  which  should  be  thin 
and  strong.    The  cara-engine  is  driven  by  a  strap  passing 
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from  a  drum  over  a  fast  and  looae  pulley,  fixed  on  the  shaft 
of  the  main  cylinder.  The  fast  and  loose  puUy  is  repreaeot- 
ed  in  fig.  65  ;  and  its  utility  has  been  explained  in  the  article 

MlLli-GBCRINQ. 

To  return  to  the  manufacture,  the  cotton  which  is  now  in  the  can  from 
the  card  engines,  in  the  form  of  a  Sliver,  is  next  submitted  to  the  process  of 
drawing  represented  in  fig.  398.  In  this  process  three  or  fbur  cardvends  are 
brought  in  tin  cans,  and  passed  between  the  rollers  A  B  and  C  D,  which  re- 
volve with  different  velocities;  that  is,  the  rollers  C  and  D  revolve  much 
quicker  than  A  and  B,  and  the  top  rollers  A  and  C  are  made  to  press  upon 
B  and  D  by  means  of  the  weight  e,  Nbw,  supposing  feur  slivers  be  placed 
together,  and  passed  through  the  rollers  A  B  and  G  D,  and  that  C  D  revolve 
so  much  quicker  than  A  B,  that  the  sliver  will  become  four  tiroes  its  origi- 
nal length,  the  cotton  will,  by  such  elongation,  be  reduced  in  thickness 
three-fourths,  that  is,  to  the  same  thickness  of  a  single  sliver  when  first 
brought  to  the  rollers.  By  this  process  the  fibres  of  the  cotton  are  bud 
more  parallel  to  each  other,  in  the  direction  of  the  length  of  the  sliver,  and 
the  operation  is  repeated,  by  plying  the  slivers  which  have  passed  the  roll- 
ers, and  passing  them  through  a  similar  set.  The  sliver  when  thus  plied 
and  reduced,  is  drawn  through  the  mouth-piece  G,  by  the  rollers  E  and  F, 
and  delivered  into  another  can. 

After  the  cotton  has  been  plied  and  drawn  as  many  times 
as  the  spinner,  from  the  quality  of  the  cotton,  and  the  intend- 
ed quality  of  the  yarn,  considers  necessary,  it  is  carried  to 
the  roving-frame. 

The  rovm^'firanUf  which  is  much  used  in  mills  where  mule-spinning  is 
carried  on,  is  represented  in  fig.  402^  and  is  termed  the  can  roving-frame, 
A  B,  two  rollers,  moving  at  a  slower  speed  than  G  D;  A  and  C  are  pressed 
upon  the  rollers  B  and  D  by  the  weight  £,  as  may  be  seen  in  a  front  view, 
fig.  402,  and  section,  fig.  403.  The  cans,  (fig.  402,)  are  represented,  the 
one  shut,  and  the  other  open;  the  latter  opens  by  means  of  hinges,  after 
raising  the  ring  g.  The  cans  are  capable  of  revolving  upon  their  spindles 
h  h,  and  are  supported  in  an  upright  position  by  the  collars  i »,  and  have  at 
their  upper  extremities  funnel-shaped  pieces,  k  k. 

If  two  slivers  of  cotton  are  brought  from  the  drawing-frame,  and  passed 
between  the  rollers  A  B  and  G  D,  the  processes  of  plying  and  drawing  wiU 
again  take  place;  and  the  rollers  G  D  will  feed  the  end  thus  formed  into  the 
can  through  the  mouth-piece  at  A;,  which,  by  revolving  rapidly  upon  its  aids, 
will  impart  tothe  end,  or  sliver,  a  slight  deg^e  of  twist.  When  the  can  is  filled 
the  rollers  are  thrown  out  of  gfeer,  and  Sie  motion  ceases;  the  can  is  then 
opened,  and  the  cotton,  or  as  it  is  now  called,  the  roving,  is  taken  out  and 
wound  upon  a  bobbin,  and  in  that  state  is  carried  to  a  machine  called  a 
stretcher. 

Some  objections  exist  against  this  species  of  roving ;  first, 
from  the  necessity  of  taking  the  roving  out  of  the  can  for  the 
purpose  of  winding  it  upon  a  bobbin,  during  which  it  is  liable 
to  sustain  much  damage  from  the  fibres  being  in  a  very  slight 
state  of  adhesion ;  and  secondly,  from  the  roving  receiving  its 
twist  solely  from  the  revolution  of  the  can  in  which  it  rests, 
and  by  which  the  twist  is  not  equally  diffused  over  the  whole 
length  of  the  roving.     The  first  objection  was  attempted  to 
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be  obviated,  by  placing  the  can  in  a  frame,  and  drawing  the 
roving  out  through  the  mouth-piece  at  which  it  entered ;  and 
a  remedy  for  the  second  was  somewhat  unsuccessfully  at- 
tempted by  Mr  Arkwright,  who  tried  to  introduce  a  pair  of 
rollers  upon  the  top  of  the  roving-can,  to  seize  hold  and  feed 
the  raving  into  the  can  as  fast  as  it  was  received  from  the 
drawing-rollers.  This,  undoubtedly,  would  have  perfectly 
equalized  the  twist  throughout;  but  the  machinery  necessary 
to  produce  the  double  rotatory  motion  was  found  to  be  in- 
convenient, and  the  plan  was  in  consequence  abandoned. 

A  roTingfrtme  of  a  different  construction,  which  obviates  the  precedioi^ 
objections,  and  which,  in  consequence,  has  received  more  general  adoption, 
is  represented  in  fig.  404;  it  is  called  the  bobbin  and  flier  roinng-frame.  The 
rollers  for  stretching  are  similar  to  those  before  described;  and  the  plied  and 
drawn  roving  is  represented  as  coming  from  the  roUers  at  A,  whence  it  passes 
through  an  eye  at  C,  over  the  top  of  the  spindle  D,  and  down  one  of  the  legs 
of  the  flier  B  B,  which  is  for  that  purpose  formed  tubular.  By  the  revolution 
of  the  spindle  D,  generated  by  a  strap  acting  upon  the  pulley  F,  the  fliers  are 
carried  swiftly  round,  and  twist  and  deliver  the  threaid  upon  the  bobbin  E, 
which  is  moved  upwards  upon  the  spindle  by  raising  the  board  Q  G,  upon 
which  it  rests,  descending  ag^n  as  the  board  descends. 

The  roving  is,  by  this  means,  slightly  twisted  and  wound  upon  abobbin,  in 
a  fit  state  to  be  immediately  carried  to  the  stretching-frame,  which,  being  very 
■imilar  in  its  construction  to  the  mule,  we  consider  it  necessary  only  to  give  a 
tide  view  of  one  of  the  spindles  of  a  mule,  shown  in  fig.  405.  A  is  the  place 
where  the  bobbin  from  the  roving-frame,  (not  shown  in  this  figure,")  would 
have  been  situate;  and  e  e  e  are  three  pjurs  of  rollers,  revolving  at  difierent 
speeds,  for  the  further  drawing  of  the  roving.  The"  roving,  when  it  has  been 
thus  drawn,  is  brought  to  the  q>indle  B,  which  is  formed  of  polished  steel, 
ground  slightly  tapering  to  the  end,  which  is  a  round  blunt  pomt  The  spin- 
dle receives  its  motion  at  the  pulley  D,  by  means  of  a  bana  passing  round  a 
drum  in  the  box  E  E  E;  which  drum  has  bands  passing  in  the  same  manner  to 
several  other  spindles.  When  the  motion  commencei^  the  carriage  E  E  E 
passes  backwards  to  the  position  shown  by  the  dotted  lines,  and  carries  with 
it  the  spindles  to  the  position  B  i ;  during  which  the  spindle  revolves  rapidly 
on  its  axis,  and  eives  a  certain  degree  of  twist  to  the  roving,  which  already  has 
undergone  a  reduction  in  diameter  by  passing  through  the  rollers  C  C  C.  The 
extent  to  which  the  frame  recedes  is  about  three  yai^  and  when  the  spindles 
have  given  Uie  requisite  degree  of  twist  to  the  yam,  it  returns  to  its  former 
place;  while  the  attendant,  by  moving  the  bar  H  upon  its  axis,  presses  the 
yam  downwards,  by  means  of  a  piece  of  wire  K,  which  causes  it  to  be 
wound  upon  the  spindles,  so  as  to  form  a  figure  that  may  he  represented 
by  two  cones,  one  having  a  more  acute  angle  than  the  other,  placed  base 
to  base,  as  shown  at  A,  B,  and  B  i .  This  form  is  termed  a  cop,  and  the  act 
of  so  distributing  the  yam,  by  the  movement  of  H  K,  the  buikUng  of  the 
eop» 

It  may  here  be  observed,  that  although  this  is  called  the 
stretching-frame,  the  yarn  is  not  stretched,  but  merely  under- 
goes a  further  process  of  drawing  and  spinning,  and  that  the 
stretching  is  not  performed  till  in  the  ne.it  operi^tion,  which 
is  performed  upon  the  mule,  and  termed  spinning. 
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The  yarn,  delivered  from  the  stretching^franie  id  the  fomi 
of  a  cop,  is  taken  to  the  mule,  which  is,  though  much  lighter, 
both  iu  the  form  and  action  of  the  parts,  very  similar  to  the 
stretching-frame.  The  spindles  also  are  of  a  smaller  size,  and 
are  situated  nearer  to  each  other. 

The  mufeqnnmnj^/ramediffers  from  that  of  the  stretching- 
frame  insomuch  as  the  act  of  stretching  is  added  to  the  other 
operations ;  for  when  the  frame  E  E  E  has  receded  a  certain 
distance,  generally  about  one  yard,  the  rollers  C  C  C  cease  to 
move,  and  the  frame  still  continuing  to  recede,  stretches  the 
yarn.  During  this  process,  the  spindles  on  the  frame  £  E  £ 
move  considerably  quicker,  in  order  to  save  time.  The  stretch- 
ing is  performed  with  a  view  to  elongate  and  reduce  those 
places  in  the  yarn  which  have  a  greater  diameter,  and  are  less 
twisted  than  the  other  parts,  so  that  the  size  and  twist  of  the 
yarn  may  be  more  uniform  throughout.  When  the  cops  are 
full,  they  are  taken  from  the  moving  spindles,  and  placed 
on  stationary  parts  of  other  mules,  as  at  A,  and  the  yarn  is 
again  submitted  to  the  same  process,  until  it  is  reduced  and 
spun  to  the  proper  fineness,  both  as  respects  the  diameter  and 
the  twist ;  during  the  whole  of  which  process  the  yarn  can 
be  continually  joined,  so  that  the  cops,  which  are  in  separate 
.  pieces,  can  be  added  to  each  other  in  parts,  or  otherwise,  as 
the  continual  elongation  of  the  yarn  in  the  course  of  the  dif- 
ferent operations  of  each  mule  may  require.  The  pieces  are 
joined  by  children,  called  piecers^  who  are  in  attendance  on 
each  mule,  to  join  any  yarn  that  may  be  broken  in  the  act  of 
stretching  or  twisting. 

The  drums,  which  drive  the  spindles  in  those  parts  of  the 
mule  that  recede,  receive  their  motions  from  bands  commu- 
nicating with  the  moving  power ;  but  the  advancement  and 
recession  of  the  carriage,  for  the  purposes  of  receiving  and 
stretching  the  yarn,  as  l^fore  described,  is  performed  by  means 
of  a  wheel  moved  by  hand-labour^  A  spinner  is  enabled  by 
experience  to  judge  of  and  regulate  both  these  operations,  as 
also  the  building  of  the  cop,  which  is  a  matter  of  very  great 
nicety;  for  if  the  cop  is  not  well  built,  the  yam  will  not  run 
off  even  when  it  is  to  be  used.  The  number  of  spindles  on  a 
mule  amount  frequently  to  300.  The  yarn  produced  by  mule- 
spinning,  being  by  far  the  most  perfect,  is  employed  in  the 
fabrication  of  the  finest  articles,  such  as  lace  and  hosiery ; 
and  when  it  is  twisted  in  two,  four,  or  six  plies,  is  used  for 
sewing-thread. 

Jenny-spinning  is  of  earlier  date,  and  a  much  less  perfect 
process  than   mule-spinning;  consequently  it  is  but  little 
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used,  except  in  the  manuftetiire  of  yarn  for  coarse  goods.  In 
this  spinning,  the  cotton,  after  having  been  cleans^  by  some 
of  the  processes  already  described,  is,  preparatory  to  being 
exposed  to  the  action  of  the  jenny,  immersed  in  iNiolation  of 
8oap  and  water,  to  divest  it  of  the  glutinous  matter  generally 
found  on  the  surface  of  this  and  other  vegetable  fibres;  it  is 
then,  after  the  soap  and  water  has  been  pressed  from  it,  put 
into  a  warm  stove^  and  when  dry,  is  considered  to  be  in  a  fit 
state  to  be  exposed  to  the  operation  of  the  eardtng-engine. 

The  carding-engine  used  in  jenny-spinning  is  different  in 
its  construction  to  the  one  before  described;  for  in  mule  and 
water  spinning  there  is  a  breaker  and  a  finishet-engine;  but 
the  engine  used  in  this  process  is  called  the  double-engine; 
the  first  part,  or  breaker,  is  in  the  same  frame  with  the  second 
part,  or  finisher,  and  the  doffer  from  the  first  part  delivers  the 
cotton  upon  the  main  cylinder  of  the  second  part,  which,  in 
like  manner,  delivers  it  upon  the  second  doffer.  The  second 
doffer,  instead  of  being  Covered  with  fillet-catds,  as  the  doffer 
of  the  single  engines,  is  covered  with  sheet-cards,  like  the 
main  cylinder,  but  being  of  smaller  dimensions,  has  generally 
only  twieve  cards  upon  it ;  therefore  the  web  of  cotton  combed 
from  such  doffer  by  the  doffing-plate  is  not  in  one  continuous 
piece,  but  in  several  pieces  or  portions,  equal  to  the  quantity 
attached  to  each  sheet-card  upon  the  dofling-cylinder. 

As  the  several  small  portions  are  delivered  by  the  comb, 
they  fall  into  the  conc^e  part  of  a  smooth  arc  that  is  equal 
to  one^third  of  a  circle^  In  this  arc  a  cylinder  of  smooth 
mahogany  slowly  retoTves  in  such  direction  that  the  lower 
surface  in  the  arc  passes  from  the  engine.  This  cylinder  has 
small  cavities  or  flutes  on  its  surface,  in  a  parallel  direction 
to  its  axis  ;  the  angles  on  the  projections  between  the  flutes 
are  taken  off,  so  that  the  several  portions  of  web  which  fall 
from  the  doffer  into  the  arc  are  seized  by  the  flutes,  and  car- 
ried forward  on  the  concave  face  of  the  arc,  and  formed  into 
a  sliver,  about  half  an  inch  in  diameter,  and  of  a  length  cor- 
responding \Vith  the  breadth  of  the  carding-engines,  which  is 
.about  fVom  24  to  34  inches,  'the  portions  Uius  rolled  are 
called  rows,  rolls,  or  rowans. 

In  this  state,  the  cotton  may  be  considered  in  the  same 
relative  state  of  progress  as  a  card-end  in  mule  or  water 
spinning ;  but  it  is  evident  that  this  mode  of  spinning  is  very 
deficient  for  the  purposes  of  fine  yarn,  insomuch  as  in  the 
towans  the  fibres  of  the  cotton  are  laid  across  the  longitudinal 
direction  in  which  they  are  to  be  spun,  so  that  the  advantage 
derived  in  the  other  process  of  carding,  from  the  fibres  being 
2  Z 
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placed  in  a  direction  parallel  to  the  intended  length  of  the 
yarn,  is  entirely  lost.  In  this  process,  also,  the  advantage  of 
plying,  which  we  have  noticed  as  taking  place  on  the  lapping 
cylinder,  is  omitted. 

When  the  rowans  are  perfected  by  the  mahogany  cylinder, 
they  are  taken  up  by  children,  and  placed  upon  the  feeding 
cloth  of  a  machine  called  the  biUy^or  roving  bitty,  the  opera- 
tion of  which  is  called  roving  or  stubbing ;  but  the  latter  ex- 
pression is  now  but  seldom  used,  except  in  the  manufactare 
of  woollen.  This  machine  is  in  its  construction  and  action 
very  similar  to  the  mule,  as  is  the  feeding-cloth  to  that  de- 
scribed in  the  machine  called  the  picker  and  batter. 

The  feeding-cloth  lays  in  a  slanting  position,  and  the  rowans 
are  placed  upon  it  so  that  they  can  pass  lengthwise  in  the 
direction  of  its  action,  aod  be  delivered  over  the  upper  roller 
between  two  pieces  of  board  which  possess  a  capability  of 
clasping  and  asain  relieving  them.  The  rowans  are  then  at- 
tached to  revolving  spindles,  which  have  an  advancing  and 
receding  motion  similar  to  the  mule  or  drawing-frame.  By 
this  revolution  and  recession  the  spindles  perform  the  opera- 
tion of  spinning  and  stretching;  and  at  such  intervals  as  the 
spindles  are  stretching  and  twisting,  the  feeding-cloth  stops, 
and  the  clasps  seize  hold  of  the  roving,  and  detain  it  till  suf- 
ficiently spun  and  twisted,  when  it  relieves  it  in  order  to  allow 
a  further  portion  of  the  rowan  to  be  fed.  The  roving  having 
by  this  means  received  a  certain  degree  of  twist,  is  built  on  a 
spindle  in  the  form  of  a  cop,  as  in  mule-spinning,  and  is  then 
taken  to  the  machine  called  the  jenny. 

The  operation  of  the  jenny  is  nearly  the  same  as  the  roving- 
billy;  the  only  material  diflference  is,  that  the  cops  of  roving 
to  be  spun  are  fixed  upon  a  moving  carriage,  which  has  clasps 
to  hold  the  roving  while  in  the  act  of  being  stretched  and 
spun  into  yarn. 

Having  now  concluded  the  process  of  jenny-spinning,  it  will 
be  seen,  that  drawing  and  plying,  the  two  essential  requisites 
for  producing  fine  yarn,  by  placing  the  fibres  parallel  to  the 
length  of  the  twist,  are  wanting,  and  that  fine  yarn,  in  conse- 
quence, cannot  be  produced ;  but  the  fibres  in  this  process 
being  placed  in  a  direction  more  across  the  length  of  the  twist, 
give  to  the  yarn  a  rich  fulness  which  renders  it  preferable  for 
the  weft  of  heavy  goods,  for  which  it  is  esteemed. 

fVater-spinning  differs  both  from  the  mule  and  jenny-spin- 
ning ;  but  the  carding  and  drawing  machines  are  the  same  as 
those  used  in  the  process  of  mule<>spinning.  When  the  cotton 
has  passed  through  the  carding  and  drawing  machines,  it  is 
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carried  to  the  spinning-frame,  which  is  upon  a  different  prin- 
ciple to  the  male,  and,  indeed,  is  more  closely  allied  to  the 
bobbin  and  flier  roving-frame. 

One  of  these  spindles  is  represented  in  fig.  406.  A,  the  bobbin,  brought 
Irom  the  roving-miroe;  B  C  and  £  guides  for  the  yam  to  pass  through; 
6  G  G  three  pairs  of  rollers  to  perform  the  office  of  drawing;  and  H  a  flier, 
formed  solid,  and  having  at  the  end  of  one  arm  a  small  twist  like  a  cork- 
screw, through  which  the  yam  passes.  By  the  revolution  of  the  flier  the 
yarn  receives  the  requisite  degree  of  twist,  and  is  wound  upon  the  bobbin, 
which,  by  the  movement  of  the  seat  I  I,  on  which  it  rests,  has  an  upward 
and  downward  motion,  in  order  that  the  yam  may  be  received  upon  it  regu- 
larly. The  guide  C  has  a  slow  reciprocating  motion  in  the  direction  of  the 
axes  of  the  rollers  G  G  G,  by  which  the  roving  is  moved  over  the  surfaces 
of  the  roUers,  so  that  the  parts  wear  uniformly. 

In  water  twist-spinning,  the  operation  of  stretching  is  not 
introduced.  The  motion  is  transmitted  from  the  first  mover 
to  the  drawing  and  roving  frames  by  means  of  bevel-wheqls, 
placed  on  the  end  of  the  ^ame.  These  wheels  communicate 
motion  to  the  rollers,  which  have  spur-wheels  upon  their 
shafts,  adapted  to  give  motion  to  each  other  by  intermediate 
wheels,  which  give  to  the  lower  rollers  motion  in  the  proper 
direction.  'The  spindles  receive  their  motion  from  bands 
communicating  with  the  drum  K,  represented  by  the  dotted 
lines.  This  construction  of  a  water  spinning-frame  is  called 
a  throstle^  and  the  difference  which  characterises  it  from  that 
properly  called  the  water-frame  is,  that  the  cylinder  K  runs 
through  the  whole  length  of  the  frame,  and  gives  motion  to 
all  the  spindles  at  once;  whereas  in  the  water-frame  the 
spindles  are  moved  by  an  upright  pulley,  communicating 
motion  to  only  one  set  of  six  spindles,  which  is  an  advantage, 
as  the  motion  of  one  set  can  be  stopped  without  stopping  the 
motion  of  the  whole.  But  as  the  water-frame  is  far  more 
expensive  than  the  other,  it  is  a  matter  of  doubt  which  ought 
to  be  preferred. 

The  several  sorts  of  yarn  have  each  their  peculiar  destina- 
tion. The  yftrn  from  riiule  and  jenny  spinning  is  taken  from 
the  frame  in  the  form  of  a  cop ;  that  from  water-twist  is 
wouiid  upon  a  bobbin.  The  yarn  from  water-frames  possesses 
much  regularity  and  strength,  and  is  mostly  used  for  the  warps 
of  heavy  goods,  such  as  fustians  and  strong  calicoes.  If  the 
yarn  has  to  be  packed  for  the  market,  it  is  reeled  upon  a  frame 
consisting  of  six  horizontal  bars  supported  on  an  axis  parallel 
to  each  other. 

This  frame  b  represented  in  section,  in  fie.  407-  AAA  AAA  the 
horizontal  bars;  B  the  axis;  and  C  the  bobbin  from  the  water-frame.  The 
dotted  lines  represent  the  direction  of  the  twist  These  reels  are  of  a  suffi- 
cient breadth  to  wind  oflf  about  50  cops,  or  bobbins,  at  the  same  time. 


Digitized  by 


Google 


396  THE  OPERATIVE  MECHANIC 

When  the  reel  has  made  80  revolutioiM,  a  smali  bell  that  is 
coDuected  with  the  macblDery  ripgs,  and  warns  the  attendant 
to  stop  the  motion  of  the  reel.  The  portion  thus  wound  is 
called  a  lay,  and  seven  of  these  lays  wound  upon  the  same 
reel  constitute  a  hank,  which  is  taken  from  the  reel  by 
causing  one  of  the  horizontal  bars,  supplied  with  a  binge,  to 
fall  inwards.  The  circumference  of  the  reel  is  a  yard  and  a 
half;  (consequently  the  hank  measures  840  yards.  The  aize 
of  the  twist  is  e^i^pressed  by  stating  how  many  hanks  go  to 
the  pound  weight :  thus,  the  yarn  called  N^  ]00  is  that  which 
takes  100  hanks  of  840  yards  each  to  weigh  ^n  avoirdupois 
pound.  Yarn  can  be  spun  upon  mules  as  fine  as  200  hanks  to 
the  pound  ;  but  in  water-twist  and  jenny-spinning  it  seldom 
exceeds  60  or  70. 

The  plan  of  the  buildings  in  which  the  cotton-spinning 
machinery  is  placed,  is  generally  in  the  form  of  a  parallel- 
ogram, of  a  length  proportionate  to  the  extent  of  the  manu- 
facture carried  on  therein,  and  about  thirty  feet  wide.  In  the 
best  constructed  mills,  the  carding  and  other  preparatory 
inachines  are  placed  on  the  lowest  ^oor ;  the  mules  and 
stretching  frames  on  the  next ;  and  so  on  progressively  as 
the  machines  improve  the  fineness  of  the  yarn.  The  mules, 
jennies,  and  water-frames  are  placed  with  their  line  of  spin- 
dles across  the  building;  and  the  card-engines  have  the  axes 
of  their  cylinders  parallel  to  the  long  wall  of  the  building. 
Four  or  six  (rows^  breakers  and  finishers,  are  placed  alter- 
nately. 

The  steam-engme,  or  first  mover,  is  placed  at  one  end  of 
the  building,  and  the  motion  is  communicated  by  a  horizontal 
shaft  running  the  whole  length  of  the  building,  which  trans- 
p[)its  the  motion  to  vertical  shafts  with  bevel-wheels,  which 
wheels  transmit  the  motion  to  horizontal  shafts  in  fhe  upper 
floors. 


WOOL  MANUFACTURE. 

This  well-known  staple  is  in  the  process  of  the  manufac- 
ture divided  into  two  distinct  classes,  Umg  wool  or  wonted 
0p%nt^ng;  and  short  wool,  or  the  spmning  qf  woollen  J^om. 

ON   WORSTED    SPINNING. 

Having  by  means  of  machinery  accomplished  the  forma- 
tion of  a  ihr^^4  of  cotton,  tbfs  application  of  the  principle  to 
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other  fibres  would  natorelly  follow;  and  although  some  diffi- 
ciilty  might  be  expected  to  occur  io  adapting  ^e  rollers  to 
different  staples,  yet  this  was  sooo  overcome.  The  methods 
of  forming  threads  from  long  wool  and  from  flax,  by  the 
band,  were  very  different,  yet  each  was  spun  from  the  middle, 
not  from  the  end,  of  the  respective  fibre.  In  hand-spinning, 
the  pluck,  that  is,  the  portion  plucked  from  the  sliver  or 
combed  wool,  was  placed  across  the  fingers  of  the  left  hand 
and  from  the  thick  part  of  it,  the  fibres  were  drawn,  and 
twisted,  as  the  hand  was  withdrawn  fi'om  the  end  of  the 
spindle,  to  which  it  had  been  previously  attached.  The 
revolution  of  the  wheel,  effected  by  the  right  hand,  conveyed 
by  a  band  to  the  whirl,  or  pulley  on  the  spindle,  produced 
the  requisite  twist  to  sive  firmness  to  the  thread ;  and  by  a 
Yery  gentle  motion  of  the  same  wheel,  the  thread  being 
brought  nearly  perpendicular  to  the  spindle,  it  was  wound 
Qpon  the  spindle  to  form  the  cop.  From  this  ii  was  trans- 
ferred to  the  reel,  and  became  a  hank,  of  a  definite  length, 
but  varying  in  weight  with  the  thickness  of  the  thread.  In 
this  state  it  was  transferred  to  the  manufacturer  to  be  con- 
verted into  the  different  fabrics  of  shalloon,  calimanco,  bom- 
basin,  i&C. 

A  few  years  after  the  introduction  of  cotton  machinery,  an 
obscure  individual  of  the  name  of  Hargraves,  previously 
unknown  as  a  mechanic,  who  had  been  long  employed  by 
Messrs  William  Birkbeck  and  Co.  at  Settle,  in  Yorkshire, 
in  the  management  of  a  branch  of  the  worsted  manufactory, 
attempted  to  spin  long  wool  by  means  of  rollers.  He  con- 
structed working  models  of  the  necessary  preparing  machi- 
nery, and  of  a  spinning-frame,  by  the  assistance  of  persons 
aecustomed  to  the  construction  of  cotton  machinery,  and  suc- 
ceeded so  completely,  as  soon  to  induce  his  employers  to  build 
a  large  mill  for  its  application.  By  degrees  his  plans  became 
known  to  the  trade,  and  many  large  manufactories  have 
subsequently  been  erected  for  this  purpose.  Contrary  to  the 
eailier  anticipations  on  this  subject,  it  has  been  found,  that 
mill-spun  yarn  answers  better  for  the  coarse  as  well  as  the 
finer  fabrics,  than  that  produced  by  the  hand,  which  it  has 
entirely  superseded. 

The  first  process  after  the  wool  of  the  fleece  has  been 
properly  sorted,  as  it  is  termed,  and  washed,  is  combing. 
This  is  either  done  by  the  hand  or  by  machinery,  invented 
for  that  purpose  some  years  since  by  the  ingenious  Dr  Cart- 
wright.  The  object  of  each  mode  is  to  arrange  the  fibres  as 
much  as  possible  parallel  to  each  other,  which,  as  they  have 
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a  •omewbat  tortuous  form,  and  are  of  considerable  length, 
requires  tbem  to  be  frequently  drawn  from  each  other  by  the 
exertion  of  the  strength  of  the  wool-comber  or  the  machine. 
In  this  state  they  form  a  bundle  of  fibres  about  six  feet  io 
length,  called  a  sliver,  and  this  being  laid  upon  the  stretch- 
ing or  drawing  frame,  constitutes  the  commencement  of  the 
preparing  process.  The  wool  passes  through  several  pairs  of 
rollers,  of  which  the  first  and  last  are  of  course  the  essential 
ones,theintermediatemoving  with  equal  velocities,  and  con- 
sequently serving  merely  to  conduct  the  skein  :  this  is  receiv- 
ed in  cylindrical  cans ;  and  three  such  skeins  being  passed 
through  another  drawing-frame,  and  stretched  in  their  pro- 
gress, become  fitted  for  roving,  the  last  step  in  the  preparatory 
processes.  Allowing  for  the  difference  in  distance,  of  rollers 
and  weights,  which  on  account  of  the  length  and  adhesiveness 
of  the  fibres  of  wool,  are  both  necessarily  greater  than  with 
cotton,  the  description  of  the  bobbin  roving  machine  already 
introduced,  will  be  sufiiciently  ezplanatoij. 

Spinning,  the  concluding  process,  is  effected  by  means  of 
two  pairs  of  rollers  moving  with  unequal  velocities,  and  inter- 
mediate auxiliaries. 

The  loosely  twisted  thread  from  the  ronag  bobbin,  £,  fig.  408,  is  slowly 
carried  forwards  by  the  holding  rollers  A,  a,  and  suppoited  as  it  proceeda 
by  the  two  pairs,  0,  e,  and  D,  a,  Itis  then  drawn  between  the  rollers  B,  6, 
and  haying  been  thus  brought  to  a  proper  thickness,  is  twisted  by  Uie 
flier,  L,  nxed  on  the  top  of  the  spindle,  through  which  at  K  it  passes:  it  is 
then  taken  up  by  the  bobbin  M,  which  moves  round  with  the  spindle  its 
axis,  although  not  equally  quick.  The  ultimate  thickness  or  size  of  the 
thread  is  determined  by  the  difference  of  velocity  in  the  holding  and  drawing' 
pairs  of  rollers;  that  is  of  A,  a,  and  B,  6,  wluch  in  their  operation  evidently 
imitate  a  pair  of  hands.  The  celerity  of  the  three  pairs  of  rollers  nearest  to 
the  back  of  the  frame  is  equal;  consequently  no  stretching  takes  place 
amongst  them.  The  upper  rollers  of  the  first  and  last  pair  are  pressed  down 
upon  the  lower,  by  weights,  F,  G,  much  heavier  than  H,  I,  which  are  sup- 
ported by  the  axes  of  C,  D;  these  being  only  required  steadily  to  carry  for- 
ward the  skein,  and  prevent  the  remote  ends  of  the  fibres  of  the  wool  from 
startui^,  whilst  B,  b,  are  pulling  their  other  extremities.  The  firont  rollers 
belongmgto  one  division,  or  box,  as  it  is  commonly  termed,  are  represented 
in  fig.  409,  where  the  drum,  which  moves  the  spindles,  and  by  a  bevelled 
pinion  at  the  top  of  its  axis  conveys  motion  to  the  rollers,  is  also  shown.  The 
pinion  on  the  nght  extremity  of  the  roller,  acting  upon  a  train  of  wheels 
properly  adjusted,  imparts  the  required  relative  motion,  in  succession,  to 
the  rollers  beyond. 

SHORT   WOOL. 

Short  wool  is  wrought  into  the  finest  cloths  for  personal 
wear,  and  is  spun  in  a  manner  similar  to  cotton,  as  described 
in  jenny-spinning. 
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The  first  stage  of  the  manufacture  consists  in  submitting 
it  to  the  action  of  chamber-ley  and  frequent  rinsings  in  clean 
water,  which  bring  it  to  the  state  fit  for  the  operation  of 
carding.  The  carding-eneine  for  fine  short  wool  is  con- 
structed with  one  main  cylinder,  having,  in  lieu  of  the  top 
cards  used  in  jenny-spinning,  numerous  small  rollers,  lying 
and  rolling  upon  its  upper  surface ;  it  is  used  in  place  of  a 
breaker-engine,  and  it  called  a  scribbler.  The  wool  is  deli- 
vered from  a  main  cylinder  to  a  dofier,  and,  being  combed 
or  doffed,  is  carried  to  another  engine,  called  the  carder, 
which  perfects  the  carding,  and  delivers  it  off,  by  means  of 
grooved  mahogany  rollers,  in  a  row  or  rowan,  as  in  jenny- 
spinning.  If  the  wool  is  of  a  coarse  description,  such  as  is 
formed  into  yarn,  for  the  manufacture  of  coarse  cloths  or 
wollen  cords,  more  carding  is  required. 

The  ecribbler^engine  has  three  distinct  parts  or  cylinders 
in  one  frame.  The  first  part  consists  of  the  first  main  cylin- 
der with  its  top  rollers,  and  is  called  the  breast ;  this  delivers 
the  wool  to  the  second  main  cylinder,  which,  with  its  top 
rollers,  is  called  the  first  part;  this  delivers  it  to  a  small  in- 
tervening cylinder,  called  the  'tween  dofier,  which  carries  it 
to  the  third  main  cylinder,  which,  with  its  top  rollers,  is 
called  the  second  part;  from  hence  it  goes  to  the  last  dofier 
cylinder,  from  which  it  is  combed  by  a  dofling-plate,  and 
finally  carried  by  hand  to  a  carding-engine. 

The  carding-engine  consists  of  similar  parts  to  the  scrib- 
bler-engine, except  that  it  has  no  breast  cylinder,  and  is 
covered  with  finer  cards :  its  last  dofier  delivers  the  wool  to 
a  mahogany  grooved  roller,  which  forms  it  into  rowans  for 
the  process  of  spinning. 

The  act  of  continous  carding,  as  described  in  mule-spin- 
ning in  the  cotton  manufacture,  is  said  to  have  been  efiected 
in  some  mills,  but  the  advantages  arising  from  it  are  not  so 
great  as  to  procure  it  general  introduction. 

The  rows  or  rowans  are  taken  to  a  roving-billy,  which  we 
have  already  noticed  in  jenny-spinning,  and  is  spun  and 
stretched  by  hand  as  there  described.  In  this,  however,  the 
act  of  plying  and  drawing  is  not  introduced,  as  fineness  of 
yarn  is  not  the  object  sought. 

The  engines  used  in  carding  wool  are  generally  larger  than 
those  used  for  cotton,  being  frequently  six  feet  wide ;  during 
the  operation  of  carding,  the  wool  is  copiously  sprinkled  with 
rape  oil. 
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SILK  MANUFACTURE* 

Silk  is  a  very  fine  and  delicate  thread,  the  produce  of  a 
small  insect,  called  bombyXj  or  the  silk-worm ;'  which  is  not 
less  curious  on  account  of  the  changes  it  undergoes  io  its 
existence,  than  valuable  for  the  beautiful  fibre  which  it  spias. 
The  egg,  requiring  not  the  care  of  parental  incubation,  is 
by  the  solar  heat  brought  into  existence,  and  the  bombyx  or 
silk^worm  thus  produced  lives  upon  the  leaves  of  the  mol- 
berry-tree  until  it  has  arrived  at  maturity,  when,  spinniDg 
itself  up  in  a  small  bag,,  about  the  size  of  a  pigeon's  egg,  it  is 
changed  into  an  aurelia.  In  this  state  it  continues  till  abool 
the  fifteenth  day,  when  it  is  changed  into  a  butterfly,  and,  if 
Hot  prevented,  eats  its  way  through  the  silken  prisoa,  to  ex- 
pand its  newly  acquired  Wings  in  the  sun. 

The  ball  or  cocoon,  which  the  ingenious  little  insect  has 
been  at  so  much  pains  to  spin^  to  secure  itself  from  its 
enemies  and  the  effects  of  the  weather,  is  the  substance  we 
call  silk  ;  and  many  who  have  examined  it  with  attention  are 
of  opinion  that  it  will  extend  to  the  distance  of  six  English 
miles. 

In  order  to  secure  the  silk  for  the  purposes  of  the  raanufec- 
tnrer,  it  becomes  necessary  to  destroy  the  insect  so  soon  as 
the  cocoon  is  completed,  which  is  on  or  about  (he  tenth  day. 
The  cocoon  is  of  various  colours ;  but  the  most  predominant 
are  flesh  colour,  orange,  and  yellow.  The  whole  of  them,  how- 
ever, are  lost  in  the  process  of  scouring  and  dying,  and  there- 
fore it  is  not  necessary  to  wind  them  on  separate  reels. 

The  balls,  preparatory  to  being  wound  off*  into  skeins  or 
hanks,  are  immersed  in  hot  water,  which  dissolves  a  natural 
gum,  by  which  the  fibres  are  united  together,  so  that  a  single 
thread  taken  from  the  reel  will  be  found  to  be  composed  of 
numerous  small  fibres  or  threads  in  the  state  produced  by  the 
worm. 

The  silk  is  imported  into  this  country  thus  wound  off  into 
skeins,  and  in  order  to  undergo  the  processes  of  the  manu- 
ftcturer  is  wound  upon  bobbins ;  and  each  thread  being,  as 
we  before  have  stated,  composed  of  several  fibres,  receives  a 
Certain  degree  of  twist,  that  the  constituent  parts  may  be 
anited  more  firmly  together  than  they  can  possibly  be  by  the 
gum  alone.  When  they  have  been  subjected  to  thus  much  of 
the  manufacture,  they  are  wound  upon  fresh  bobbins,  and  two 
or  three  threads  twisted  together,  to  form  a  strong  thread  for 
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the  weaver,  who  warps  and  finally  weaves  the  silk  into  vari- 
ous beautiful  and  useful  articles,  by  a  process  very  similar  to 
that  used  in  the  weaving  of  cotton  and  linen. 

In  Piedmont,  where  very  excellent  silk  is  produced,  the  manufkcture  is 
carried  on  by  aid  of  the  silk  reel  represented  in  Bg.  424. 

The  balls  or  cocoons  are  thrown  into  hot  water  contained  in  a  copper  basin 
or  boiler,  A,  about  18  inches  in  leng^,  and  six  deep,  set  in  brick-work,  so 
as  to  admit  of  a  small  charcoal  fire  beneath  it.  B  B  is  a  wood  frame  sustain 
ing*  several  parts  of  the  reel{  D  is  the  reel  upon  which  the  silk  is  wound;  C 
is  a  guide  which  directs  the  thread  upon  it{  and  £  F  the  wheel-work  which 
gives  motion  to  the  ^ide.  The  reel  D  is  merely  a  wooden  spindle,  having 
lour  arms  mortised  mto  it  to  support  the  four  battens  or  rails  on  which  the 
silk  is  wound. 

Upon  the  end  of  the  wooden  spindle  of  the  reel,  and  within  the  frame  B» 
is  a  wheel  of  22  teeth,  which  gives  motion  to  another  wheel  C,  fixed  upon 
the  end  of  the  inclined  axis  E  F,  and  having  twice  the  number  of  teeth;  at 
the  end  of  this  inclined  axis  is  another  wheel  G,  of  22  teeth,  playing  in  a  ho- 
rizontal cog-wheel  with  35  teeth.  This  wheel  turns  upon  a  pivot  fixed  in  the 
fraine,  and  has  a  pin  fixed  in  it  at  a  distance  from  the  centre,  to  form  an  ec- 
centric pin  or  crank,  and  give  a  backward  and  forward  motion  to  the  slight 
wooden  rail  or  layer  C,  which  guides  the  threads  upon  the  reel;  for  this  pur- 
pose the  threads  are  passed  through  wire  loops  or  eyes,  C,  fixed  into  the  layer, 
and  the  end  thereof  opposite  the  wheel  and  crank  F  is  supported  in  amortise 
or  an  opening  made  in  the  frame  B,  so  that  the  revolution  of  the  crank  will 
cause  uie  layer  to  move,  and  carry  the  threads  alternately  towards  the  right 
or  left  There  is  likewise  an  iron  bar  H,  fixed  over  the  boiler  at  H,  and 
pierced  with  two  holes,  through  which  the  threads  pass  to  guide  them. 

In  the  operation  of  reeling,  it  is  well  known,  that  if  the 
thread  be  wound  separately  it  will  be  totally  unfit  for  the  pur- 
poses of  the  manu&cturer;  consequently  the  ends  of  the 
threads  of  several  balls  or  cocoons  are  joined  and  wound  to- 
gether, and  when  any  one  of  them  breaks  or  comes  to  an  end, 
its  place  is  supplied  by  a  new  one,  and  thus  by  continually 
keeping  up  the  same  number  the  united  threads  may  be 
wound  to  any  required  length. 

The  reeling  is  conducted  by  a  woman,  who,  when  the  balls 
or  cocoons  have  remained  a  sufficient  time  in  the  hot-water 
contained  in  the  boiler  A,  to  soften  the  gum,  takes  a  whisk  of 
birch  or  rice-straw,  about  six  inches  long,  cut  stumpy  like  a 
worn-out  broom,  and  brushes  the  cocoons  with  it,  which 
causes  the  loose  threads  to  adhere  to  it;  these  she  disengages 
from  the  whisk,  and  by  drawing  them  through  her  fingers  cleans 
them  from  the  loose  silk,  which  always  surrounds  the  cocoon, 
till  they  come  off  clean,  which  operation  is  called  la  battue. 
When  the  silk  has  been  perfectly  cleansed,  she  passes  four  or 
more  of  the  threads,  if  she  intends  to  wind  fine  silk,  through 
each  of  the  holes  in  the  thin  iron  bar  H,  and  afterwards 
twists  the  two  compound  threads,  consisting  of  four  cocoons 
each,  about  20,  or  35  times  round  each  other,  that  the  four 
3  A 
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ends  in  each  thread  may  the  better  join  together  by  crossing 
each  other,  and  that  the  thread  of  the  silk  may  be  round, 
which  otherwise  would  be  flat. 

The  threads  when  thus  twisted  together  are  passed  through 
the  eyes  of  the  loops,  C,  of  the  layer,  and  thence  are  conduct- 
ed and  made  fast  to  one  of  the  rails  of  the  reeh  As  it  is  of 
consequence  in  the  production  of  good  silk,  that  the  thread 
should  have  lost  part  of  its  heat  and  gumminess  before  it 
touches  the  bars  of  the  reel,  the  Piedmontese  are  by  law 
obliged  to  have  38  French  inches  between  the  guides,  C,  and 
the  centre  of  the  reel ;  and  the  layer  must  also,  under  a  pe- 
nalty, be  moved  by  cog-wheels  instead  of  an  endless  cord, 
which,  if  suffered  to  grow  slack,  will  cause  the  layer  to  stop 
and  not  lay  the  threads  distinctly,  and  that  part  of  the  skein 
will  be  glued  together,  whereas  the  co^-wheel  cannot  fail : 
when  the  skeins  are  quite  dry,  the  reel  is  removed  from  the 
frame,  and  by  the  folding  of  two  of  its  arms,  by  means  of 
hinges,  the  skeins  are  taken  off,  and  with  some  of  the  refuse 
silk  are  tied  into  hanks. 

Although  from  the  foregoing  description  the  operation 
must  appear  very  simple,  it  is  a  matter  of  very  c^eat  nicety 
to  wind  an  even  thread,  and  the  difficulty  of  keeping  the 
thread  always  even  is  so  great  that,  except  when  usmg  a 
thread  of  two  cocoons,  they  do  not  say  a  silk  of  three,  four, 
or  six  cocoons;  but  a  silk  of  three  or  four,  four  or  five,  five 
or  six  cocoons.  In  a  coarser  silk  it  cannot  be  calculated  even 
so  nearly  as  to  four  cocoons,  and  consequently  they  say,  from 
12  to  15,  from  15  to  20,  and  so  on. 

It  is  also  necessary  that  the  water  in  the  boiler  be  kept  at 
a  certain  temperature;  for  if  the  water  is  too  hot,  the  thread 
is  dead  and  has  no  body ;  if  too  cold,  the  ends  of  the  threads 
do  not  join  well,  and  foun  a  harsh  silk.  The  threads  them- 
selves indicate  when  the  water  is  not  at  the  proper  degree  of 
temperature,  by  frequent  breaking  when  it  is  too  hot ;  and 
coming  off  entangled,  and  in  a  woolly  state  when  too  cold. 

In  the  process  of  winding  the  woman  has  always  a  bowl  of 
cold  water  by  her,  in  to  which  she  occasionally  dips  her  fingers, 
andfrequentlysprinklesitupon  the  ironbarH,  that  the  threads 
may  not  be  burnt  by  the  heat  of  the  basin  ;  it  also  serves  to 
lessen  the  temperature  of  the  water  in  the  boiler  when  ap- 
proaching the  boiling  point. 

All  kinds  of  silk  v^ich  are  simpiv  drawn  from  the  cocoons 
by  the  process  of  reeling  are  called  raw  silk,  and  is  denomi- 
nated coarse  or  fine  according  to  the  number  of  fibres  of 
which  the  thread  is  composed.    In  preparing  the  raw  silk  for 
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dying,  the  thread  is  slightly  twisted,  in  order  to  enable  it  to. 
bear  the  action  of  the  hot  liquor  without  the  fibres  separating 
or  furring  up.  The  silk-yarn  employed  by  the  weavers  for  the 
^NToof  or  weft  of  the  stuffs  which  they  fabricate,  i^  composed 
of  two  or  more  threads  of  the  raw  silk,  slightly  twisted  by  the 
aid  of  machinery  ;  and  the  thread  employed  by  the  stocking- 
irreaver  is  of  the  same  quality,  but  composed  of  a  greater  num- 
ber of  threads,  according  to  the  thickness  required. 

Organzine  silk  consists  in  combining  together  two  or  more 
threads  of  silk,  each  of  which  has  in  the  first  instance  been 
twisted  by  itself,  and  afterwards  the  whole  are  twisted  toge- 
ther* This  operation,  with  the  exception  of  the  elongation 
of  the  cotton,  closely  resembles  roving  in  the  Cotton  Manu- 
facture. The  process  consists  of  six  different  operations. 
1 .  The  silk  is  wound  from  the  skein  upon  bobbins  in  the 
winding-machines.  2.  It  is  then  sorted  into  different  quali- 
ties* 3.  It  is  spun  or  twisted  on  a  mill  in  the  single  tl^read, 
the  twist  being  in  the  direction  of  from  right  to  left,  and  more 
or  less  tight,  as  the  purposes  to  which  the  silk  is  to  be  applied 
may  require.  4.  Two  or  more  threads  thus  spun  are  doubled 
or  drawn  together  through  the  finders  of  a  woman,  who  at 
the  same  time  cleans  them,  by  takmg  out  the  slugs  which 
may  have  been  left  in  the  silk  by  the  negligence  of  the  foreign 
reeler.  5.  It  is  then  thrown  by  a  mill,  that  is,  two  or  more 
threads  are  twisted  together,  either  slack  or  hard,  as  the 
manufacturer  may  require ;  but  the  twist  is  in  an  opposite 
direction  to  the  first  twist,  and  it  is  wound  at  the  same  time 
in  skeins  upon  a  reel.  6.  The  skeins  are  sorted  according  to 
their  different  degrees  of  fineness,  and  then  the  process  is 
complete. 

The  first  operation  which  the  raw  silk  underffoes  is  winding, 
that  is,  drawmg  it  off  from  the  skeins  in  which  it  is  imported, 
and  winding  it  upon  wooden  bobbins,  in  which  state  it  can 
go  to  the  other  machines. 

Each  of  the  skeins  is  extended  upon  a  slight  reel  called 
a  swift ;  it  is  composed  of  four  small  rods,  fixed  into  an  axis, 
and  small  bands  of  string  are  stretched  between  the  arms  to 
receive  the  skein,  but  at  the  same  time  the  bands  admit  of 
sliding  to  a  greater  or  less  distance  from  the  centre,  so  as  to 
increase  the  effective  diameter  of  the  reel,  according  to  the 
size  of  the  skeins,  because  the  skeins,  which  comes  &om  dif- 
ferent countries,  vary  in  size,  being  generally  an  exact  yard, 
or  other  similar  measure,  of  the  country  where  the  silks  are 
produced.  The  swifts  are  supported  upon  wire  pivots,  upon 
which  they  turn  freely  when  the  silk  is  drawn  off  from  them; 
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but  in  order  to  cause  the  thread  to  draw  with  a  gentle  force, 
a  looped  piece  of  string  or  wire  is  hung  upon  the  axis  within- 
side  the  reel,  and  a  small  leaden  weight  is  attached  to  it,  to 
procure  friction.  The  bobbins  which  draw  off  the  threads  are 
received  in  the  upper  part  of  the  frame,  and  are  turned  by 
means  of  a  wheel  beneath  each,  the  bobbin  having  a  small 
roller  upon  ^he  end  of  it,  which  bears  by  its  weight  upK>n  the 
circumference  of  the  wheel,  and  the  bobbin  is  thereby  put  in 
motion  to  draw  off  the  silk  from  the  swift.  A  small  light  rod 
of  wood,  called  a  layer,  which  has  a  wire  eye  fixed  into  it,  is 
placed  at  a  little  distance  from,  and  opposite  to,  each  bobbin, 
so  as  to  conduct  the  thread  thereupon ;  and  as  the  layer  moves 
constantly  backwards  and  forwards,  the  thread  is  regularly 
spread  upon  the  length  of  the  bobbin.  The  motion  of  the  layer 
is  produced  by  a  crank  fixed  upon  the  end  of  a  cross-spindle, 
which  is  turned  by  means  of  a  pair  of  bevelled  wheels  from 
the  end  of  the  horizontal  axle,  upon  which  the  wheels  for  turn- 
ing all  the  bobbins  are  fixed. 

These  winding-machines  are  usually  double,  to  contain  a 
row  of  bobbins  and  swifts  at  the  back  as  well  as  in  firont.  Two 
of  these  double  frames  are  put  in  motion  by  cog-wheels  from 
a  vertical  shaft,  which  ascends  from  the  lower  apartments  of 
the  mill,  where  the  twisting-naachines  are  placed.  The  wind- 
ing-machines require  a  constant  attendance  of  children  to 
mend  the  ends  of  threads  which  are  broken;  or  when  they 
are  exhausted,  they  replace  them  by  putting  new  skeins  upon 
the  swifts.  When  the  bobbins  are  filled,  they  are  taken  away, 
by  only  lifting  them  up  out  of  their  frame;  and  fresh  ones  are 
put  in  their  places. 

A  patent  has  been  lately  taken  out  by  Messrs  Gent  and 
Clarke,  for  a  new  construction  of  tlie  swifts  for  winding-ma- 
chines: they  are  made  with  six  single  arms,  instead  of  four 
double  ones ;  and  the  arms  are  small  ftat  tubes  tirade  to  con- 
tain the  stems  of  wire  forks,  which  receive  the  skein,  instead 
of  the  bands  of  string  in  the  common  swifts.  These  forks 
admit  of  drawing  out  from  the  tubes  until  the  swift  be  suffi- 
ciently enlarged  to  extend  it ;  but  as  they  extend  the  skein  at 
six  points  instead  of  four,  as  in  the  common  ones,  the  mo- 
tion is  more  regular.  Instead  of  the  weight  which  causes  the 
friction,  a  spring  is  used  to  press  upon  the  end  pivot  of  the 
axis,  and  make  the  requisite  resistance. 

The  twisting  of  the  silk  is  always  performed  by  a  spindle 
and  bobbin,  with  a  flyer,  but  the  construction  of  the  macbine 
is  frequently  varied.  The  limits  of  our  plate  do  not  admit 
a  representation  of  the  great  machines,  or  throwsting-mills. 
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at  their  full  extent ;  but  the  principle  is  the  same  as  fig.  426, 
wrhicb  we  have  extracted  from  Dr  Rees's  Cyclopaedia,  vary- 
ing the  description  a  little,  to  agree  with  the  present  improv- 
ed state  of  the  manufacture. 

In  fig.  426,  we  have  given  a  drawing  of  a  small  machine,  which  is  similar 
in  the  parts  which  act  upon  the  silk^  and  indeed  many  mills  employ  such  ma- 
chines constructed  on  a  large  scale.  The  one  in  our  plate  contains  only  thir- 
teen spindles,  and  is  intended  to  be  turned  by  hanc^  a  method  which  is  too 
expensive  for  this  country,  but  is  common  in  the  south  of  France,  where 
many  artisans  purchase  their  silk  in  the  raw  state,  and  employ  their  wives 
or  children  to  prepare  it  by  these  machines,  which  they  caU  ovales,  because 
the  spindles,  b  b,  are  arranged  in  an  oval  frame,  G  H. 

B  is  the  handle  by  which  the  motion  b  given;  it  is  fixed  on  the  end  of  a 
spindle  R,  which  carries  a  wheel  D,  to  give  motion  to  a  pinion  upon  the 
upper  end  of  a  vertical  axle  £;  this,  at  the  lower  end,  has  a  drum  or 
iv'heel  F,  to  receive  an  endless  strap  or  band,  a  a,  which  encompasses  the 
frame  G,  and  gives  motion  to  all  the  spindles  at  ohce.  The  spindles  b  h  are 
placed  perpendicularly  in  the  frame  G  H,  their  points  resting  in  small  holes 
in  pieces  of  metal,  wldch  are  let  into  the  oval  plank  G;  and  the  spindles 
are  also  received  in  collars  affixed  to  an  oval  frame  H,  which  is  supported 
from  the  plank  G  by  blocks  of  wood;  d  and  a  are  small  rollers  supported  in 
the  frame  G  H,  in  a  similar  manner  to  the  spindles;  their  use  is  to  confine  the 
strap  a,  to  press  against  die  rollers  of  the  spindles  with  sufficient  fbcce  to 
keep  them  all  in  motion. 

The  thread  b  taken  up,  as  fast  as  it  b  twisted,  by  a  reel  K,  which  b 
turned  by  a  wheel  A,  and  a  pinion  t,  upon  the  end  of  the  principal  spindle  R« 
The  threads  are  guided  by  passing  through  wire  eves,  fixed  in  an  oval 
frame  L,  which  b  supportcMl  in  the  frame  of  the  machine,  by  a  single  bar  or 
rail  /  ly  and  this  has  a  regular  traversing  motion  backwards  and  forwards^ 
by  means  of  a  crank  or  eccentric  pin  R,  fixed  in  a  small  cog-wheel,  which 
is  turned  by  a  pinion  upon  the  vertical  axb  E;  the  opposite  end  of  the 
rail  /  is  supported  upon  a  roller,  to  make  it  move  easily.  By  thb  means 
the  guiders  are  in  constant  motion,  and  lay  the  threads  regularly  upon  the 
reel  K»  when  it  tarns  round,  and  gathers  up  the  silk  upon  it  as  shown  in 
the  figure. 

One  of  the  spindles  b  shown  at  r  without  a  bobbin,  but  all  the  others  are 
represented  as  being  mounted  and  in  action.  A  bobbin,  e,  is  fitted  upon 
each  spindle,  by  the  hole  through  it  being  adapted  to  the  conical  form  of 
the  spmdle,  but  in  such  manner  that  the  bobbin  b  at  liberty  to  turn  freely 
round  upon  the  spindle;  a  piece  of  hard  wood  is  stuck  fast  upon  each 
spindle,  just  above  the  bobbm,  and  has  a  small  pin  entering  into  a  hole  in 
the  top  of  the  spindle,  so  as  to  oblige  it  to  revolve  with  the  spindle^  this 
piece  of  wood  has  the  wire-flyer,  6,  nxed  to  it;  the  flyer  is  formed  into  eyes 
at  the  two  extremities;  one  b  turned  down,  so  as  to  stand  opposite  to  the 
middle  of  the  bobbin  e;  and  the  other  arm,  6,  is  bent  upwards,  so  that 
the  eye  is  exactly  over  the  centre  of  the  spindle,  and  at  a  height  of  some 
inches  above  the  top  of  the  spindle.  The  thread  from  the  bobbin,  e,  b 
passed  through  Both  the  eyes  of  this  wire,  and  must  evidently  receive  a 
twist  when  the  spindle  b  turned;  and  at  the  same  time,  by  drawing  up  the 
thread  through  the  upper  eye,  6,  of  the  flyer,  it  will  turn  the  bobbin  round, 
and  unwind  therefrom.  The  rate  at  which  the  thread  is  drawn  ofFfix)m  the 
bobbin,  compared  with  the  number  of  revolutions  which  the  flyers  make  in 
the  same  time,  determine  the  twist  to  be  more  or  less  hard.  This  circum- 
stance b  regulated  by  the  propoition  of  the  wheel  A  ^  the  pinion  t,  from 
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which  it  rooeiyes  motion;  and-thefe  can  be  changed  when  it  ia  required  to 
•pin  different  kinds  of  ailk. 

The  operation  of  the  machine  is  very  simple.  The  bobbins  filled  with  mXk 
in  the  winding-machine,  fig.  425,  are  put  loose  upon  the  spindles  at  <,  and 
the  flyers  are  stuck  tut  upon  the  top  of  the  spindlesf  the  threads  are  con- 
ducted through  the  eytA  of  the  flyers  6,  and  of  the  layers  L,  and  are  then  made 
fast  to  the  reel  K,  upon  which  it  will  be  seen  that  there  are  double  the  num* 
her  of  skeins  to  that  of  the  spindles  represented,  because  one-half  of  the  num- 
ber of  spindles  is  on  the  opposite  side  of  the  fimme,  so  that  they  are  hidden. 
With  this  preparation  the  machine  is  put  in  motion,  and  continues  to  spin  the 
threads  by  the  motion  of  the  flyers,  and  to  draw  them  off  gradually  bom  the 
bobbins,  until  the  skeins  upon  the  reel  are  made  up  to  the  requisite  lengths. 
This  is  sometimes  known  b^  a  train  of  wheel-work  at  nop,  consisting  of  a 
pinion,  n,  fixed  upon  the  pnncipal  spindle  R,  turning  a  wheel,  o,  whidi  has 
a  pinion  fixed  to  it,  and  turning  a  large  wheel  p;  this  has  another  wheel  upon 
its  spin^e,  with  a  pin  fixed  in  it,  and  at  every  revolution  raises  a  hammer 
and  strikes  upon  a  oell,  a,  to  inform  the  attendant  that  the  skeins  are  made 
up  to  a  proper  length. 

In  the  silk-mills  they  employ  two  different  machines,  one 
for  the  first  operation  on  organzine,  and  the  other  for  the  se- 
cond operation. 

Thus,  after  the  silk  is  twisted  it  must  be  wound  on  fresh 
bobbins,  with  two  or  three  threads  together,  preparatory  to 
twistinff  them  into  one  thread.  In  the  original  machines  at 
Derby  tnis  was  done  by  women,  who,  with  hand -wheels,  wound 
the  threads  from  two  or  three  of  the  larse  bobbins  upon  which 
the  silk  is  gathered  instead  of  the  reeb,  and  assembled  them 
two  or  three  together  upon  another  bobbin,  of  a  proper  size 
to  be  returned  to  the  twisting-mill. 

In  1800,  Mr  John  Sharrar  Ward,  of  Bruton,  obtained  a 
patent  for  a  ne^  method  of  doubling  silk,  worsted,  cotton,  or 
flax,  which  we  intend  to  describe  here  ;  for  though  vartousr 
modes  are  adopted  for  this  purpose,  one  will  be  sufficient  to 
ffif  e  an  idea  of  the  whole.  Whatever  number  of  threads  may 
be  required  to  be  doubled  together,  they  may  by  means  of  this 
invention  be  doubled  to  the  greatest  certainty ;  for  if  at  any 
time  any  one  of  the  threads,  or  union  of  threads,  to  be  so  dou- 
bled, should  break,  it  will  immediately  stop  the  other  thread 
or  threads  until  the  broken  thread  shall  be  repieced,  which 
secures  a  constant  double  thread,  or  union  of  threads  ;  and 
the  manner  in  which  the  same  is  to  be  performed  will,  we 
trust,  be  clearly  understood  by  the  subjoined  description. 

Fig.  439.  A  is  a  roUer  carrying^  round  the  bobbin  B,  which  draws  the 
threads  C  C  from  the  bobbins  D  D;  consequently  the  balls  E  E,  and  the 
thread- wires  F  F,  move  round  on  the  pins  G  G.  HH  are  two  wood  or  iron 
standards,  at  the  tops  of  which  are  hung  two  regulating  thread-wires,  1 1. 
When  either  of  the  threads  C  C  break,  the  thread-wire  through  which  it 
passes  fidls.down,  and  the  tail  part  K  rises  up  to  a  level  with  the  ball  E,  and- 
stops  the  other  head-wire  from  going  roum^  and  consequently  the  thread 
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that  pauBies  through  it,  and  prevents  the  bobbin  B  from  taking  it  up;  bot  the 
roller  A  continues  Its  motion.  L  L  are  g^ide-wires  for  the  threads  to  pass 
oyer;  M  is  a  slide,  moved  by  a  short  wheel  or  crank,  to  lay  the  threads  level 
on  the  bobbins. 

Fig.  430  is  another  doubling-machine,  the  form  varied,  but  the  principle 
the  same  as  fig.  429.  A  is  a  roller,  whereon  lies  a  smaller  one,  marked  B, 
the  axis  of  which  goes  through  the  bobbin;  C  is  a  slide,  for  the  same  purpose 
as  M,  in  fig.  429 ;  D  D  two  bobbins,  with  spindles  through  diem,  on  each  of 
which  is  fixed  a  wheel  E  B;  F  F  are  two  thread-wires  hung  at  G  G.  When 
eidier  of  the  threads  break,  the  wires  drop  between  the  teeth  of  the  wheel, 
and  stop  the  other  thread,  the  bobbin  and  roller  B  stopping  at  the  same  time$ 
but  the  roller  A  continues  moving,  as  A  in  fig.  429. 

The  bobbins  being  thus  filled  with  double  or  triple  threads, 
are  carried  back  to  the  throwsting-machine,  and  are  there 
spun  or  twisted  together  in  a  manner  similar  to  that  before 
described.  At  this  period,  the  silk  is  a  marketable  article, 
and  is  passed  from  hand  to  hand. 

The  silk  being  now  spun, is  put  into  a  boiler  filled  with  hot 
water,  into  which  is  put  a  small  quantity  of  soap,  in  order  to 
divest  the  silk  of  its  gum.  In  the  earlier  processes,  the  gum 
was  necessary  for  the  purposes  of  the  manufacture,  for  the 
silk,  had  it  been  divested  of  it,  would  have  assumed  a  fine 
downy  appearance  similar  to  that  of  cotton,  and  must  have 
undergone  similar  operations  before  it  could  have  been  form- 
ed into  a  thread ;  this,  indeed,  is  necessary  for  that  portion  of 
waste  silk  which  is  drawn  from  the  cocoons  in  the  first  opera- 
tion of  reeling ;  also  for  those  cocoons  which  have  been  re- 
served for  breed,  or  which  is  made  in  the  operations  of  twist- 
ing just  mentioned,  through  which  the  moth  or  butterfly  has 
eaten  a  hole,  and  rendered  them  impracticable  to  be  wound 
ofi*  into  silk. 

The  silk  is  now  taken  to  the  warping-mill,  which,  being  a 
precursor  to  the  act  of  weaving,  will  be  noticed  under  that 
head. 

At  this  present  moment  several  improvements  are  in  pro- 
ffress  for  winding  and  throwing  silk  upon  a  new  principle:  in- 
deed, the  silk  manufacture  now  may  be  compared  with  what 
the  cotton  manufacture  was  about  thirty  years  ago.  Thereap- 
pears  to  be  taking  place  in  every  department  tike  same  great 
and  rapid  improvements;  and  it  is  much  the  opinion  of  prac- 
tical men,  that  the  machinery  now  in  use  will,  in  the  course  of 
a  very  few  years,  be  entirely  superseded,  and  that  this  branch 
of  our  manufactures  will  ultimately  be  almost,  if  not  quite,  as 
great  a  source  of  national  prosperity  as  the  cotton  manufacture. 

The  art  of  throwing  silk  was  first  introduced  into  this  coun- 
try by  Mr  John  Lombe,  who,  with  considerable  ingenuity, 
and  at  the  risk  of  his  life,  took  a  plan  of  one  of  these  compli- 
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cated  maehioes  in  the  king  of  Sardinia's  dominions,  from 
which,  on  his  return,  he,  in  conjunction  with  Mr  Thomas 
Lombe,  established  a  similar  set  of  mills  at  Derby.  Parliament 
granted  them  a  patent  for  fourteen  years  ;  and,  on  being  peti- 
tioned at  the  end  of  that  term  for  a  renewal,  granted  them 
14,000i.  instead,  on  condition  that  they  should  allow  a  perfect 
model  to  be  made,  and  placed  in  the  Tower  for  public  inspec- 
tion. 


FLAX   MANUFACTURE. 

Flax  undergoes  various  processes  before  it  can  be  worked 
into  cloth  or  other  articles;  these  processes  are  very  different, 
and  require  different  sorts  of  implements  and  machinery,  in 
order  to  their  being  properly  performed.  Flax,  for  the  pur- 
pose of  being  formed  ipto  cambric,  fine  lawn,  thread,  and 
lace,  is  dressed  in  rather  a  different  manner  to  that  which  is 
employed  for  other  purposes  ;  it  is  not  scotched  so  thoroughly 
as  common  flax,  which  from  the  scotch  proceeds  to  the  heckle, 
and  from  that  to  the  spinner ;  whereas  this  fine  flax,  after  a 
rough  scotching,  is  scraped  and  cleansed  with  a  blunt  knife 
upon  the  workman's  knee,  covered  with  his  leather  apron ; 
from  the  knife  it  proceeds  to  the  spinner,  who,  with  a  brush, 
made  for  the  purpose,  straightens  and  dresses  each  parcel  be- 
fore she  begins  to  spin  it. 

In  the  Swedish  Transisctions  for  the  year  1747,  a  method 
is  given  for  preparing  flax  in  such  a  manner  as  to  resemble 
cotton  in  whiteness  and  softness,  as  well  as  Jn  coherence ; 
for  this  purpose,  a  little  sea-water  is  directed  to  be  put  into 
an  iron  pot,  or  an  untinned  copper  kettle,  and  a  mixture  of 
equal  parts  of  birch-ashes  and  quick-lime  strewed  upon  it ; 
a  small  bundle  of  flax  is  to  be  then  opened  and  spread  upon 
the  surface,  and  covered  with  more  of  the  mixture,  and  the 
stratification  continued  till  the  vessel  is  sufliciently  filled. 
The  whole  is  then  to  be  boiled  with  sea-water  for  ten  hours, 
fresh  quantities  of  water  being  occasionally  supplied  in  pro- 
portion to  the  evaporation,  that  the  flaxy  matter  may  never 
become  dry.  The  boiled  flax  is  to  be  immediately  washed  in 
the  sea,  by  a  little  at  a  time,  in  a  basket,  with  a  smooth  stick 
at  first,  while  hot;  and  when  grown  cold  enough  to  be  borne 
by  the  hands,  it  must  be  well  rubbed,  washed  with  soap,  laid 
to  bleach,  and  turned  and  watered  every  day  for  some  time. 
Repetitions  of  the  washing  with  soap  expedite  the  bleaching; 
after  which,  the  flax  is  to  be  beat,  and  again  well  washed  ; 
when  dry,  it  is  to  be  worked  and  carded  in  the  same  manner 
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as  consmon  cotton,  and  pressed  between  two  boards  for  forty- 
eight  hours.  It  is  now  fully  prepared  and  fit  for  use.  It 
loses  in  this  process  nearly  one-half  its  weight,  which,  how- 
ever, is  abundantly  compensated  by  the  improvement  made 
in  its  quality,  and  its  fitness  for  the  finest  purposes. 

The  treatment  of  flax  and  hemp  from  the  time  of  their 
growth  up  to  their  formation  into  thread  and  cloth  is  so  very 
similar,  that  a  description  of  the  operations  performed  on 
the  one  will  answer  for  both ;  we  shall  therefore^  under  this 
present  article  "Flax,"  give  a  description  of  the  new  mode 
of  obtaining  flax  and  hemp  from  the  plant;  and  under  Rope 
Manufacture,  describe  the  former  slow,  injurious,  and  ex- 
pensive process  of  dew-retting  or  water-steeping. 

This  improved  process  was  first  carried  into  practice  by 
Mr  James  Lee,  who  has  discovered  that,  when  the  hemp 
or  flax  plants  are  ripe,  the  farmer  has  nothing  more  to 
do  than  to  pull  them  as  heretofore  practised,  and  spread 
and  dry  them  in  the  sun  as  he  would  his  hay  or  grain,  taking 
care  only  in  the  ridges  to  lay  the  roots  in  one  direction,  so 
as  to  prevent,  as  much  as  possible,  the  breaking  or  entangle- 
ment of  the  stems,  and  when  sufficiently  dry,  to  carry  them 
and  lay  them  in  store,  either  in  ricks  or  in  barns. 

The  stalk  of  the  flax-plant  when  it  has  been  thus  pulled 
and  dried,  can  be  separated  into  two  principal  component 
parts  or  substances,  namely,  an  internal  pith,  and  an  ex- 
traneous fibrous  covering ;  the  pith,  or  brittle  matter,  is  tech- 
nically called  ^<  boon ;"  and  the  fibrous  covering,  "  harle'' 
or  "  fibre."  The  operation  of  detaching  the  boon  from  the 
fibre  is  called  <' breaking  of  flax." 

Various  machines  have  been  invented  for  the  breaking  of 
flax,  some  of  which  we  shall  proceed  to  describe,  com- 
mencing with  those  by  Mr  Bundy.  Mr  Bundy's  machines 
are  a  breaker  and  a  rubber.  The  first  being  for  the  pur- 
pose of  separating  the  harle  from  the  boon,  the  latter  for 
rubbing  and  subdividing  the  fibres,  and  finally  cleansing 
it  before  it  goes  to  the  heckler.  The  breaking  machine  will 
be  first  described,  as  it  is  to  be  first  used,  and  it  will  appear 
that  although  it  consists  chiefly  of  fluted  or  toothed  cylinders, 
yet  it  varies  from  all  other  machines  for  the  same  purpose 
which  have  preceded  it,  by  the  inequality  of  the  depth  of  its 
teeth,  the  play  or  space  which  exists  between  one  tooth  and 
another,  and  in  the  reoiprocating  motion  of  the  cylinders 
combined  with  their  progressive  motion,  instead  of  its  being 
progressive  only  as  in  all  former  cases :  by  these  means  the 
happiest  efiects  are  produced.  The  simple  manner  in  which 
3  B 
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ibis  complex  motion  is  brought  about  reflects  the  highest 
credit  od  the  mechanical  skill  of  Mr  Bundy,  the  inventor 
not  only  of  these  machines  but  of  many  others  of  equal  in- 
genuity. 

Fig.  433,  represents  a  side  view  of  the  breaking  machine,  on  a  scale  of 
three-quarters  of  an  inch  to  a  foot.  The  framing*.  A,  is  of  timber,  which 
serves  to  support  the  five  breaking  cylinders,  C  C  D  £  £,  turning  on 
pivots.  C  D  and  C  move  in  cross  bearings,  fixed  upon  the  boards  or 
supports  B,  on  the  two  opposite  sides  of  the  machine,  while  £  £  merely 
lay  abovtf  and  between  C  D  and  D  C,  and  are  drawn  down  to  these  by 
two  rods,  as  seen  at  F  F.  The  lower'  ends  of  these  are  joined  by  a  con- 
necting bar,  and  another  rod  proceeds  downwards,  its  lower  end  fixed 
by  a  double  adjusting  nut  6,  near  the  pin  or  fulcrum  H,  of  the  lever  or 
presser  H  f,  which  is  loaded  with  a  weight  J.  There  is  a  similar  lever 
on  each  side  of  the  machine,  to  bear  down  the  four  ends  or  pivots  of  the 
two  rollers  £  £,  and  the  ends  of  these  levers,  nearest  f ,  are  united  with 
a  cross  bar,  by  means  of  which  onie  weight,  J,  acts  on  them  both,  and  is 
made  to  press  equally  by  an  adjusting  nut  or  screw,  on  each  side,  like  G. 
K  L  is  a  level  placed  under  the  machme,  one  end  of  which  is  attached  to 
the  weight  J,  in  such  a  manner  that  by  pressing  down  its  end  L^  I  is  raised, 
and  all  pressure  is  instantly  prevented  between  the  superior  cylinders  £ 
£  and  those  under  them  at  C  D  d  for  stoppmg  the  operation  of  the  ma- 
chine at  any  time.  The  breaking  cylinders  are  about  eighteen  or  twenty 
inches  in  leng^,  and  are  made  of  beech,  or  any  hard  wood,  and  are  Jl 
similar  to  each  other  in  dimensions,  and  in  having  breakers  which  act 
also  as  teeth,  extending  like  projecting  plates  theu*  whole  length,  paral- 
lel to  the  aids.  These  breakers,  or  teeth,  are  formed  of  thin  hoop4ron» 
let  about  half  its  width  into  saw-cuts  in  the  cylinder,  into  which  they 
are  driven,  and  they  are  retained  in  their  places  by  iron  hoops  put  on  to 
each  end  of  the  cylinders;  they  are  about  half  an  inch  asunder,  their  ex- 
ternal edges  are  well  rounded,  so  as  not  to  cut  the  flax,  and  they  are 
alternately  lon^  and  short)  the  long  or  deep  teeth  projecting  about  thrte- 

Suarters  of  an  mch  from  the  cylinder,  while  the  short  ones  are  about  half 
lat  length.  In  placing  the  lower  breaking  cylinders  in  their  places, 
care  must  be  taken  that  they  do  not  touch  each  other,  since  their  teeth 
are  only  to  connect  through  the  medium  of  the  two  upper  rollers  which 
press  upon  them.  The  axis  of  the  roller  D  is  longer  than  the  others,  and 
extends  on  both  sides  beyond  the  frame,  and  upon  each  end  of  it  is  fixed 
a  cast-iron  wheel,  by  which  motion  is  to  be  given  to  the  cylinder,  and 
through  this  to  all  the  others.  Both  of  the  wheels  are  of  the  same  dia- 
meteri  but  one  is  a  ratchet-wheel,  as  will  b»seen  in  the  last  figure,  while 
that  on  the  opposite  side  is  a  spur,  or  common  toothed  whee^  as  Will  be 
seen  in  fig.  433,  which  represents  such  parts  of  the  machine  on  the  opposite 
side  as  are  essential  to  its  motion,  and  the  same  letters  of  reference  are 
used  in  both  figures  to  denote  similar  parts. 

The  first  motion  is  given  to  this  machine  firom  the  iron  spindle  O,  fig. 
432,  which  may  be  turned  by  a  handle  or  by  a  bond  and  rigger,  as  at  P. 
It  may  also  be  connected  with  a  pair  of  spur-wheels  and  a  flv,  as  shown 
in  fig.  432,  to  assist  its  motion.  On  each  end  of  the  lower  spmdle,  if  two 
are  used,  there  is  a  crank,  as  at  Q,*attached  to  a  connecting  rod  Y,  the 
opposite  end  of  which  in  fig.  432,  is  attached  to  a  pall  or  lever  turning  on  a 
centre  S,  so  that  when  V,  or  D  D,  is  turned,  the  end  of  this  lever  will 
describe  a  portion  of  a  circle,  shown  by  the  dotted  line  T  A,  and  will 
engage  with  the  ratchet  teeth  of  the  wheel  M,  and  carry  it  partly  round; 
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ivhUe  on  the  other  side  of  the  machine,  shown  in  fig  433,  the  connecting  rod 
Ky  passes  from  the  crank  of  V,  to  a  toothed  segment  U,  the  teeth  of  which 
vrork  into  the  teeth  of  the  spur-wheel  N,  fixed  upon  the  opposite  gudgeon 
of  the  breaking  cylinder  D.  The  connecting  rod  on  this  side  of  the  ma^ 
chine,  must  be  so  adjusted  in  length,  that  in  its  motion  outwards,  the  end 
tooth  of  U,  next  to  A,  must  be  withdrawn  out  of  the  teeth  of  the  wheel  N, 
but  that  when  it  moves  in  a  contrary  direction,  or  from  T  towards  A,  it 
must  move  completely  in  the  teeth  of  the  wheel,  and  not  leave  them,  and, 
of  course,  N,  at  this  time,  is  incapable  of  any  other  motion  but  what  the 
segment  U  also  has. 

The  connecting  rod  Q  V,  in  fig.  432,  must  also  be  adjusted  in  leng^  to 
the  pall  or  gathering-tooth  S,  as  to  make  it  continue  to  act  upon  its 
•wheel  M,  for  the  space  of  one  tooth  of  N,  in  fig.  433,  after  the  segment  U 
has  been  withdrawn  from  its  wheel  N;  and  thus,  although  the  motion  of 
U,  would  produce  a  backward  and  forward  motion  of  its  corresponding 
wheel  N,  and  the  breaking  cylinder  D,  and  consequently  of  all  the  other 
cylinders,  yet  by  the  after  action  S  upon  M,  the  roller  D,  and  its  wheel 
K,  are  made  to  advance  g^radually  by  the  space  of  one  tooth  of  K,  for  every 
revolution  of  O,  and  thus  a  slow  but  regular  progressive  motion  of  the 
cp^linder  is  obtained  at  the  same  time  that  the  vibratory  or  oscillatiBg  mo- 
tion is  going  on.  The  flax  is  fed  or  supplied  in  handsfull  on  the  feeding- 
trough  Z,  and  pressing  it  gently  between  the  rollers  C  and  £,  and  it  is  de- 
livered out  from  between  the  rollers  £  and  C,  at  the  end  of  the  machine, 
next  to  L,  in  a  sufficiently  clean  and  divided  state  to  enter  the  rubbing-ma- 
chine, which  will  be  next  described*  The  superiority  of  this  machine  over 
common  fluted  rollers  needs  no  conmient,  since  the  distance  between 
the  teeth  and  the  skate,  which  is  produced  by  the  alternating  motion  of 
the  cylinders,  exactly  gives  that  action  which  is  best  suited  to  break  off 
and  disengage  the  bark  and  woody  matter,  which,  when  dry,  is  quite  brit- 
tle, and  falls  to  the  bottom  of  the  machine.  Once  passing  the  rollers  is 
in  general  sufficient  for  either  flax  or  hemp  stalks,  but  the  work  is  render- 
ed more  perfect  by  a  second  passage  through  them,  which  does  no^at  all 
injure  the  fibre. 

The  rubbing  machine,  which  is  to  be  used  immediately 
after  the  above  breaking  process,  is  represented  in  a  side 
view,  or  rather  section,  in  fig.  434. 

In  this,  a  is  in  the  wooden  frame  for  supporting  the  machine,  b,  the 
bearers  for  the  tliree  rollers  c,  d,  e,  are  disposed  as  in  the  breaking  machine, 
but  in  this  case  they  are  only  for  the  ptupose  of  drawing  or*  leading  the 
flax  through  the  machine,  (the  breaking  being  presumed  to  have  been 
already  done  by  the  last  described  or  any  other  process,)  they  must  be 
fluted,  or  grooved,  or  may  be  made  in  the  same  manner  as  the  breaking 
cylinders,  but  with  the  teeth  of  eqiud  length,  much  shorter,  and  of  a  finer 
gauge  or  pitch:  /,  b  a  rigger  or  pulley,  to  which  a  rapid  circular  motion 
is  to  be  given;  it  is  hung  upon  a  shaft  or  spindle,  turning  in  brass  bear- 
ings, and  fixed  to  the  frame  a;  on  the  end,  n,  of  this  spindle,  is  formed  an 
endless  screw,  or  worm,  which  turns  a  small  wheel,  t,  fixed  upon  the 
lower  end  of  an  iron  spindle,  K,  turning  in  bearings,  and  leading  by  a 
bevel  pinion  at  its  upper  end  to  the  face-wheel  n,  which  is  fixed  on  one  of 
the  gudgeons  of  the  fluted  or  toothed  roller  e,  so  that  whenever  the  rig- 
ger /,  is  turned,  even  with  a  rapid  motion,  a  very  slow  motion  will  be 
communicated  to  the  rollers  c,  d,  e.  The  most  essential  part  of  this  ma- 
chine consists  of  the  rubber-boards,  o,  />,  q,  r.  Their  edges  or  sections  can 
only  be  seen  in  this  representation,  but  their  length  may  be  from  eig^t  in- 
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chet  to  a  foot  or  more.  The  board  o,  ii  fim^  fixed  on  the  lop  of  the  fram- 
ing a»  and  is  without  motion*  while  those  marked  j9  pp^ne  supported  upon 
the  two  strong^  cylindrical  iron  pins  t,  which  are  fiirmly  screwed  into  the 
Irame  a,  and  pass  through  holes  which  fit  them  in  the  boards/?  oj9,  so  that 
these  last  can  be  moved  to  a  greater  or  less  distance  from  each  other,  but  are 
incapable  of  up  and  down  motion.  The  intermediate  boards,  Q  9  9»  ^^'^  ^ 
mucn  shorter  as  to  pass  between  the  iron  pins  «,  and  admit  or  an  up  and 
down  motion  between /»/>  p  /  for  this  purpose  they  are  all  connected  to- 
gether bv  an  iron  link  or  staple,  x,  fixed  upon  the  top  of  the  connecting 
rod,  tt,  the  lower  end  of  which  works  upon  a  crank  in  the  middle  of  the 
first  spindle,  upon  which  the  rigger  /  is  placed,  so  that  in  every  revolu- 
tion ctf,  the  movable  boards  q  qq  ure  driven  upwards  and  downwards 
between  the  more  stationary  boards/?  />  />,  and  the  one  which  is  fixed  at  o. 
The  whole  of  the  boards  are  drawn  towards  o,  by  means  of  a  rod  on  each 
of  their  sides  passing  througti  p  p  p  and  o,  and  acted  upon  at  /  by 
weights  or  spiral  wire  springs,  and  the  whole  of  the  boards  are  perfora- 
ted with  a  sKt  or  mouth,  from  four  to  six  inches  long,  (according  to  their 
width)  and  about  a  quarter  of  an  inch  wide,  placed  near  their  tops,  at  an 
equal  distance  from  the  top  of  each,  and  nicely  rounded  off  on  all  its 
edgcB,  The  consequence  will  be,  that  whenever  the  crank  is  in  an  hori- 
zontal situation,  all  these  slits  will  coincide,  but  when  the  crank  is  down, 
as  in  the  fig^ure,  the  slits  inq  qq  (which  slits  are  seen  only  in  section) 
will  be  below  those  mppp  and  o,  while,  when  the  crank  is  up,  they  will 
be  elevated  above  them;  and  thus  it  will  eanly  be  perceived  that  if  flax, 
or  any  other  flexible  material,  is  passed  through  the  sUts  in  the  boards 
when  they  do  coincide,  and  then  conducted  between  the  toothed  rollers, 
that  while  these  are  drawn  slowly  on  through  the  machine,  the  boards  p  />, 
q  q,  &c.  b^  their  rapid  up  and  down  motion,  will  effectually  rub  it,  and 
cleanse  it  from  any  extraneous  matter  which  may-  adhere  to  it,  as  well  as 
open  the  fibres;  and  for  the  better  regulation  of  this  operation,  v  is  a 
treadle,  or  lever,  near  the  foot  of  the  attendant,  by  pressing  on  which, 
the  weight ur,  which  depresses  the  top  roller  </,  will  be  raised,  inconsequence 
of  which  the  rollers  will  cease  to  draw,  although  the  rubbing  still  continues, 
so  that  its  veloci^  in  passing  the  machine  may  be  correctiy  regulated,  at  the 
wiH  of  the  superintendant 

For  the  purpose  of  setting  this  machine  to  work  in  the  first  instance, 
and  charging  it  with  flax,  the  tops  of  all  the  rubbing-boards  are  movable, 
and  made  to  separate  through  the  slits  which  are  mi^e  in  them,  for  which 
purpose  they  are  attached  at  one  end  by  strong  hinges,  and  are  fixed 
down  at  the  other  by  the  thumb-screws,  which  are  shown  in  the  figure,  or 
by  any  other  sufficient  fastenings.  It  will,  however,  only  be  necessary 
to  open  them  on  first  setting  them  to  work,  since  all  future  quantities  of 
flax  to  be  rubbed  may  be  tailed  on  to  that  which  is  already  in  the  ma^ 
chine.  The  flax  is  to  be  supplied  by  placing  it  on  a  perpetual  revolving 
cloth  or  feeding  table,  joined  to  the  ends  of  the  machine,  and  worked  by 
connexion  to  some  of  its  wheels;  but  this  is  not  shown  in  the  figure,  as 
it  forms  no  part  of  the  invention,  and  is  common  in  aU  cotton  and  flax- 
manufiustories. 

In  April  1819,  Mr  Bundy  obtained  another  patent  for 
other  machinery  for  effecting  the  same  objects.  This  ma- 
chinery i;  represented  by  fig.  435. 

A  A  A  A  is  the  frame  of  the  machine  supporting  the  two  conical  rol- 
lers B  and  C,  which  revolve  freely  and  independentiy  of  each  other,  or 
without  touching,  having  iron  or  steel  axles  at  both  their  ends,  which  are 
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supported  in  brass  or  other  proper  carriages,  as  shown  in  the  ^gure.  A 
third  conical  roller,  D,  is  supported  by  similar  carriages,  under  the  top 
piece  E. 

The  aforesaid  three  rollers  B,  C,  and  D,  are  all  rtmilar  in  constroc- 
tion,  dimensions,  and  shape,  being  all  frustra  of  cones,  with  flutes  or  lon- 
gitudinal teeth  in  their  externid  corneal  surfaces.  It  is  not,  however, 
essential  to  the  performance  of  the  machine,  that  they  should  be  all  of  the 
same  dimensions,  provided  they  are  so  fixed  in  their  Carriages  that  the 
teeth  or  flutes  upon  Uie  upper  roller  may  take  into  and  act  with  those  of 
the  t^'o  lower  ones:  and  that  they  will  au  move  or  revolve  together  when 
the  upper  roller,  D,  is  incumbent  upon,  or  lies  between,  the  two  lower 
rollers,  B  C,  as  shown  in  the  figure^  and  in  the  plan  at  Q.  These  rollers 
may  be  made  of  metal,  and  cast  with  the  teeth  of  the  form  shown  in  the 
detached  figure  F,  which  is  a  section  through  the  widest  ends  of  these 
conical  rollers,  not  only  to  show  the  form  of  teeth  which  will  be  most 
convenient  when  the  rollers  are  to  be  cast,  but  also  the  nature  of  their 
contact  when  the  upper  roller,  D,  is  depressed  between  the  two  lower 
ones. 

The  form  of  tooth  shown  at  F,  is  not,  however*  essential  to  the  per- 
fection of  this  machine,  since  the  rollers  may  be  made  of  wood,  having 
strips  of  metal  let  into  grooves  cut  in  such  wood,  while  the  outer  edges 
of  such  strips  are  rounded,  and  left  projecting  above  the  suHace  of  the 
same,  and  these  will  answer  quite  as  well  as  the  form  of  tooth  shown  at 
F.  It  must  nevertheless  be  observed,  that  whatever  form  of  tooth  be 
adopted,  the  teeth  must  be  so  shaped  and  disposed  with  regard  to  each 
other,  as  to  have  considerable  play  between  them  in  order  to  admit  the 
flax-stem  wh\^  is  intended  to  be  broken  and  prepared. 

The  upper  piece,  E,  of  the  machine,  which  carries  the  upper  conical 
roller,  D,  is  fixed  or  atteched  to  the  main  frame,  A  A  A  A,  by  strong 
hinges,  or  any  other  movable  joint,  at  G,  and  a  rod  of  iron,  or  other 
sufficienUy  strong  material.  H  H  is  attached  at  its  upper  end  by  a  joint 
to  the  top  pie(^  E,  passes  through  a  hole  near  I,  and  is  fixed  at  its  lower 
end  by  another  joint,  K,  to  the  treadle  or  lever,  KL,  which  turns  upon 
the  joint  or  hinges  MM.  A  spring  or  weight  (the  patentee  prefers  the 
former,)  is  applied  to  the  nmchine  in  such  manner,  that  its  action  will  al- 
ways keep  the  upper  piece,  £,  and,  consequently,  the  upper  roller,  D,  in 
an  elevated  or  raised  pontion  above  the  lower  rollers,  B  and  C,  when 
the  machine  is  not  in  action,  and  of  course  the  end  L,  of  the  treadle,  will 
also  be  raised,  which  admits  of  the  flax  being  introduced  between  the  rollers, 
viz.  over  the  two  lower  rollers,  B  and  C,  and  under  the  upper  roller,  D,  and 
a  spring  may  be  applied  in  a  variety  of  ways,  such  as  between  the  top  piece  E, 
and  the  top  or  platform  of  the  machine  at  N;  or  it  may  be  a  strong  spiral 
wire  spring,  havin?  its  upper  end  fastened  to  the  platform,  while  its 
lower  extremity  is  nxed  to  the  rod  H  H,  round  which  it  coils,  as  at  O, 
or  it  may  be  placed  under  the  end,  L,  of  the  treadle  {  but  in  eveiy  case 
its  strength  must  be  no  more  than  will  be  sufficient  to  raise  the  upper 
roller,  D,  about  two  inches  from  jthe  lower  rollers,  otherwise  it  will  occa- 
non  unnecessary  fatigue  to  the  person  working  the  machine. 

The  manner  of  using  the  machine  is  as  follows: — The  upper  and  lower 
rollers  being  separated  as  aforesaid,  a  small  handful  of  dried  flax  or  hemp- 
stems  is  to  be  introduced  between  them,  and  held  extended  by  the  two 
hands  while  the  rollers  are  brought  together  by  the  pressure  of  the  foot 
upon  L.  While  that  pressure  is  continued,  the  flax  or  hemp  is  to  be 
drawn  backwards  and  forwards,  by  the  hand,  between  the  rollers  in  a 
direction  at  right  angles  to  the  axis  of  the  rollers,  and  eventuaUy  with- 
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drawn  by  pulling  with  one  hand  only*  The  foot  is  now  to  be  removed  iin- 
til  the  flax  or  hemp  is  a^in  replaced;  and  each  end  is  in  this  way  to  be 
drawn  several  times  through  the  machine  until  such  ends  are  respectively 
finished. 

By  a  succession  of  these  operations  (using  the  pressure  of  the  foot  upon 
L),  each  time  that  the  flax  or  hemp  is  introduced  between  the  refers, 
(and  regulating  such  pressure  according  to  the  process  of  the  work),  the 
flax  or  hemp  will  soon  be  sufficiently  worked,  and  the  fibre  brought  into  a 
sufficiently  clean  and  divided  state  for  bleaching;  or  if  it  be  required  to 
spin  it  in  the  yellow  state^  it  may  be  made  sufficiently  fine  by  a  longer 
continuation  of  the  same  process,  particularly  if  worked  between  the 
snudler  ends  of  the  rollers. 

*  Indeed,  it  is  recommended  that  the  operation  should,  in  all  cases,  be 
commenced  and  continued  for  some  time  with  the  larger  part  of  the  roll- 
ers, and  finished  with  their  smaller  ends.  In  this  point  of  view,  the 
invention  of  conical  rollers  will  be  found  of  great  importance  and  use; 
for  as  the  flutes,  grooves,  or  teeth,  vary  in  their  distance  from  each  other 
at  all  points  between  the  larg«  and  small  ends,  so  it  becomes  almost  im- 
possible for  the  workmen  to  draw  the  flax  or  hemp  through  such  rollers 
in  the  same  track;  and  thus  the  breaking  of  the  boon  must  be  much  more 
irreg^ar,  and  the  fibre  will  be  much  more  effectually  cleansed  than  it  can 
be  by  the  flutes,  grooves,  or  teeth  of  the  cylinders,  or  other  contiivances 
in  former  use. 

The  reader  being  now  acquainted  with  Mr  Bundy's  io- 
Yentions  for  the  breaking  of  hemp  and  flax,  we  shall  next 
proceed  to  detail  the  modes  resorted  to  for  the  efiecting  of 
the  same  objects  by  Mr  James  Lee. 

Mr  Lee's  method  consists  of  four  parts. 

The  machinery  of  the  first  or  that  part  of  the  invention  which  relates  to 
the  breaking  of  the  flax,  is  shown  by  fig.  436,  and  fig.  437.  Fig.  436  repre- 
sents the  section  of  a  mill-bed,  and  fig.  437  a  plan  of  the  same.  The  bed  of 
the  mill  should  be  constructed  of  cast-iron,  or  any  other  fit  material,  raised 
on  masonry  or  brickwork,  or  by  any  other  eligible  mode  of  setting.  This 
bed  is  to  be  cast  or  cut  into  grooves,  flutes,  notches,  or  teeth,  in  a  radiant 
direction  from  the  centre.  Into,  or  upon,  this  bed,  is  placed  one  or  more 
rollers  with  grooves,  flutes,  notches,  or  teeth,  corresponding  to  those  of 
the  bed.  These  rollers  should  be  of  very  great  weight,  perhaps  a  ton 
each,  and  revolve  round  the  bed  by  means  of  their  axles,  which  are  con- 
nected with  machinery  similarly  to  the  ordinary  construction  of  mills,  and 
motion  should  be  given  by  any  of  the  usual  powers  usuaUy  applied  to  such 
purposes. 

The  flax,  hemp,  or  vegetable  fibrous  substances,  being  quite  diy, 
should,  in  a  raw  state,  be  laid  in  or  upon  this  bed,  and  submitted  to  the 
operation  of  bruising  or  crimping  by  the  pressure  of  the  rollers,  which 
are  made  to  pass  over  it  till  the  woody  particles  are  separated  from  the 
fibre. 

Another  mode  of  breaking,  invented  by  Mr  Lee,  may  be  seen  in  fig.  438, 
which  is  a  side  view  of  the  machine. 

a  a  is  the  bed  with  indentations  as  before  described;  and  b  b  rollers, 
of  which  there  may  be  several,  with  teeth  corresponding  with  those  of 
the  bed.  The  axes  of  these  rollers  are  attached  to  a  box,  intended  to 
carry  a  considerable  weight;  and  the  flax  or  hemp  is  laid  in  the  bed,  and 
operated  upon  by  the  box  and  rollers  traversing  over  it,  and  producing 
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the  effect  of  breaking  the  woody  parts  from  the  fibre.  When  the  box 
has  travelled  to  one  ejid  of  the  bed,  the  flax  or  hemp  may  be  removed  from 
the  other  end  when  sufficiently  broken,  and  the  bed  be  replenished  with 
a  fresh  supply.  The  alternate  traversing  motion  is  produced  on  the  same 
principle  as  that  applied  to  Baker's  horizontal  mangle. 

Fig.  439  is  an  end  view  of  the  same  machine,  showing  two  beds.  The 
dimensions  of  this  last  machine,  the  patentee  proposes,  should  be  about 
six  feet  six  inches  long  in  the  bed,  calculated  to  hold  two  leng^  of  flax 
at  the  same  time,  so  that  when  the  box  and  rollers  are  at  one  end,  the 
flax  may  be  removed  at  the  other,  and  fresh  flax  be  placed  ready  for  the 
rollers  in  returning  to  operate  upon.  But  in  cases  of  hemp  or  other  ve- 
£^table  fibrous  substances,  longer  than  the  usual  length  of  flax,  one  end 
only  can  be  operated  upon  at  a  time.  The  rollers  he  proposes  should  \9e 
made  from  eight  to  fourteen  inches  in  length,  and  their  diameter  not  be 
less  than  four  inches.  The  process  of  scraping  off  the  wooden  particles 
Is  effected  by  the  machine  called  a  scraper,  and  described  in  the  specifica- 
tion of  the  patentee's  former  patent,  dated  5th  December  1816. 

The  second  part  of  the  invention,  that  is  to  say,  the  discharging  of  the 
coloured  matter  out  of  the  flax,  hemp,  or  other  vegetable  substances,  the 
patentee  performs  by  means  of  either  of  the  machines  before  described  for 
breaking,  although  be  g^ves  preference  to  the  plain  rollers,  for  the  purpose 
of  discharging  the  colour  out  of  the  unsteeped  flax  or  hemp,  after  they  have 
been  broken  and  scraped  free  from  the  woody  particles.  To  effect  this, 
a  stream  of  water  is  allowed  to  flow  into  the  bed  whereon  they  are  laid, 
and  the  rollers  being  put  into  action  upon  them,  the  coloured  matter  is 
squeezed  out.  It  should  be  observed,  that  the  sides  of  the  bed  must  be 
raised  so  as  to  foi*m  a  trough,  in  order  to  hold  the  water.  This  operation 
is  commenced  with  cold  water,  and  when  that  has  been  drawn  off,  the  bed 
b  replenished  with  warm  water,  into  which  a  certain  quantity  of  soap  has 
been  dissolved.  This  soap  and  water  may  be  supplied  by  a  pipe  ftom  a 
boiler,  and  the  operation  may  be  continued  till  the  water  is  at  the  boiling 
heat,  by  which  time  the  flax  or  hemp  will  have  lost  the  coloured  matter, 
and  have  become  perfectly  soft  and  white;  after  which  it  must  be  washed 
and  made  perfectly  dry,  and  submitted  to  the  action  of  the  first  mentioned 
breaking  machine. 

The  third  part  of  Mr  Lee'»  invention  conusts  of  a  mode  of  dividing 
flax,  hemp,  or  other  vegetable  fibrous  substances,  when  prepared  as  above, 
and  carefully  hackled  mto  equal  lengths,  so  that  eacn  leng^  may  be 
operated  upon  with  greater  advantage  by  the  roving  machinery  now  in  use. 
In  order  to  effect  this,  Mr  Lee  provides  a  board,  eighteen  inches  long 
and  five  inches  wide,  seen  leng^ways  in  fig.  440,  and  an  end  view  in  fig. 
441.  On  the  board,  at  three  or  four  inches  apart,  he  places  single  rows  of 
comb  or  hackle-teeth,  and  upon  this  he  lays  the  flax,  hemp,  &c.,  and, 
placing  small  weights  to  keep  them  flat,  <&aws  out  the  longest  ends  by 
hand,  laying  them  in  distinct  parcels  according  to  their  respective  lengths; 
he  then  reverses  the  piece  of  flax,  hemp,  &c  and  pursues  the  same  course 
with  the  opposite  end. 

The  fourth  part  of  the  invention  is  to  draw  the  flax  or  hemp  into  a  state 
which  may  be  spun  upon  machinery,  sufficiently  fine  for  the  fabrication  of 
cambric,  lace,  and  equally  fine  articles.  To  effect  this,  Mr  Lee  provides 
an  apparatus  similar  to  the  last,  only  the  teeth  are  much  finer.  From  the 
end  of  this  he  draws  out  a  few  fibres  from  the  flax,  hemp,  &c.,  and,  having 
dipped  his  fingers  in  water,  wets  the  fibres  and  rubs  them  together,  which, 
by  the  glutine  remaining  in  them,  will  cause  them  to  adhere  and  produce 
a  fine  and  uniform  appearance  of  thread,  which  may  be  spun  upon  ma- 
chinery. 
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When  the  flax  is  intended  to  be  bleached  before  it  is 
spun,  Mr  Bundy  has  a  patent  contrivance  for  the  acompUsb- 
ment  of  that  purpose* 

It  consists  of  certain  trays  or  cradles  to  be  moved  in  the  water  or  other 
fluid,  to  l^e  used  for  Uie  bleaching  or  whitening  of  the  flax  or  hemp. 

The  flax  or  hemp,  after  it  has  been  broken  and  worked  in  the  breaking' 
and  rubbing  machme,  inrented  by  tMs  gentleman,  and  which  has  been 
already  described,  should  be  divided  into  smaU  quantities  of  about  one 
ounce  each,  and  these  should  be  tied  loosely  in  the  middle  with  a  string; 
and  in  this  state  laid  in  the  trays  or  cradles,  and  then  be  soaked  in  cold 
soft  water  for  a  day  or  two,  when  each  parcel  should  be  worked  separately, 
while  wet,  through  a  machine,  precisely  simiUr  to  the  breaking  and  rub- 
bing machine  already  described,  except  only  that  the  rollers  should  be 
cylindrical,  and  made  entirely  of  wood  with  metal  axles,  and  the  teeth, 
which  will  be  parallel,  should  be  similar  in  form  to  those  shown  in  section 
at  F.  This  operation  wiU  loosen  the  gluten  and  colouring  matter  for  the 
rinsing  and  wringing  which  must  follow.  The  flax  most  then  be  again 
disposed  in  a  flat  and  smooth  manner,  in  such  trays  or  cradles,  and  again 
be  put  to  soak  in  sufficient  soft  water  to  cover  it,  in  which  a  small  quantity 
of  soap,  in  the  proportion  of  about  seven  pounds  of  soap,  to  each 
hundred-weight  of  flax,  has  been  previously  dissolved,  and  in  this  state 
it  should  remain  for  two  or  three  days  longer,  and  then  be  again  worked 
through  the  machine,  and  rinsed  with  clear  water  and  wrung,  which  wiU 
render  it  sufficiently  clean  and  white  for  most  purposes.  But  if  it  be  re* 
quired  to  be  still  softer,  for  spinning  into  yam  of  the  finest  quality,  it 
must  be  boiled  in  a  very  large  quantity  of  soft  water,  with  the  same  or  a 
larger  proportion  of  soap,  for  half  an  hour  or  morcr'and  then  be  rinsed, 
after  which  it  must  be  carefully  and  thoroughly  dried.  When  it  is  quite 
d^,  it  should  be  worked  through  the  breaking  machine  before  described, 
with  conical  rollers,  to  open  it  sufficiently  for  hackling  or  dressing. 

The  wooden  trays  or  cradles  should  be  shallow,  each  being  about  one 
inch  in  depth,  and  of  sufficient  leng^  to  hold  the  materials;  they  must 
have  open  lath  bottoms,  and  a  single  course  or  layer  of  the  flax,  tied  in 
parcels  as  aforesaid,  occupies  one  tray;  other  trajrs  of  the  same  descrip- 
tion are  to  be  piled  or  placed  upon  this,  and  so  on  to  any  convenient  num- 
ber of  trays,  until  the  soaking-tubs  or  boilers  are  sufficiently  filled.  These 
travs  must  be  tied,  or  otherwise  attached  together,  and  sre  to  be  moved 
quickly  up  and  down  in  the  water,  either  by  hand  or  by  machinery.  By 
tiieir  construction,  it  is  evident  that  the  water  will  have  access  to  every 
piirt  of  the  flax,  which  will  have  room  to  rise  and  swell,  without  any  danger 
of  entanu^euftent,  while,  by  the  motion,  the  cleansmg  process  will  be  much 
more  effectually  carried  on  than  it  has  hitherto  been  by  simply  washing, 
soaking,  or  boUing,  without  it. 

It  is  almost  needless  to  observe,  that  the  trays  and  soaking  vessels  must 
be  composed  of  such  wood  or  materials  as  will  not  stain  the  flax;  and  that 
the  height  and  dimenrions  of  the  breaking-machine  must  be  suited  to  the 
person  working  it.  In  fir.  Q,  the  conical  rollers  are  drawn  one-third  of  the 
size  which  Uie  patentee  found  most  convenient;  viz.  seven  inches  long  in 
the  working  part,  three  and  a  half  inches  diameter  at  the  larg^  end,,  and 
two  inches  diameter  at  the  smallest  end. 

The  flax,  after  it  has  undergone  the  process  of  break- 
ing, is  ready  for  the  hackle,  which  is  an  instrument  or  tool 
constructed   for  the   purpose   of   hackling  or  straigbteo- 
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iBg  the  fibres  of  the  flax.    It  is  represented  by  6gi.  448 
and  449. 

It  is  a  square  flat  piece  of  wood,  as  seen  at  A  and  B.  When  used,  it 
is  firmly  fixed  to  a  bench  before  the  .workman,  who  strikes  the  flax  upon 
the  teeth  of  the  hackle,  and  draws  it  quickly  through  the  teeth.  To  per* 
sons  unacquainted  with  this  kind  of  work,  this  may  seem  a  very  simple 
operation;  but  in  fact  it  requires  as  much  practice  to  acquire  the  method 
of  hackling  well,  and  without  wasting  the  flax,  as  any  oUier  operation  in 
the  whole  manufacture  of  linen.  The  workmen  use  fine,  or  coarser  and 
wider  teethed  hackles,  according  to  the  quality  of  the  flax;  generally  put- 
ting the  flax  through  two  hackles,  a  coarser  one  at  first,  and  then  a  finer  one 
in  finishing  it 

About  the  year  1787,  Messrs  Kendrew  and  Porthouse,  of 
Darlington,  obtained  a  patent  for  spinning  a  flaxen  thread  by 
oieans  of  machinery ;  prior  to  that  time,  we  believe,  the  rock 
and  wheel,  variously  modified,  occasionally  for  superior  spin- 
ners to  form  two  threads  at  once,  were  universally  employed. 
In  Ireland  especially,  even  at  the  present  day,  this  method 
is  much  practised.  The  flax,  rendered  straight  and  smooth 
by  hackling,  is  wrapped  closely  round  the  rock,  from  which 
it  is  gradually  drawn  by  the  left  hand,  whilst  the  thumb  and 
fore-finger  of  the  right,  moistened  with  water,  are  employed 
in  adjusting  the  fibres,  and  directing  the  thread.  A  bob- 
bin and  flyer,  placed  upon  a  horizontal  spindle,  serve  to  give 
the  twist,  and  to  take  up  the  finished  thread  ;  their  motion  is 
derived  from  a  wheel,  impelled  by  the  foot  through  a  treadle 
and  crank,  by  means  of  an  endless-band  passing  round  a 
pulley  of  much  smaller  diameter,  which  is  fixed  upon  the 
spindle. 

The  straightness  and  smoothness  of  the  fibres  of  flax,  so 
different  from  the  corrugation  and  adhesiveness  of  cotton 
and  wool,  with  their  extraordinary  length,  seemed  to  de- 
mand an  arrangement  in  machine-spinning  very  difierent 
from  what  has  been  already  delineated. 

In  the  patent  alluded  to,  the  hackled  flax  was  extended  upon  a  hori- 
zontal fytme,  at  fig.  410*,  to  be  carried  between  the  rollers  B  b,  and  after- 
wards to  pass  along  with  the  cyfinder  C,  (revolving  with  a  velocity  equal 
to  that  of  any  point  of  the  circumference  of  B,)  imder  several  suocessiv* 
rollers,  until  it  arrived  at  the  drawing-rollers  D  d;  the  twist  and  removal 
of  the  thread  then  taking  place  by  the  flyer  and  bobbin,  as  before  described. 
The  rollers  E,  F,  G,  H,  I,  if  of  equal  weights,  will,  on  account  of  their  re- 
spective positions,  press  with  unequal  force;  the  one  resting  upon  the  ver- 
tex of  the  cylinder  being  evidently  the  most  efficacious,  and  with  the  sur- 
fiM^e  beneath  acting  probably  the  part  of  a  pair  of  holding-rollers  to  fibres 
of  the  leng^  of  nearly  one-fourth  of  the  circumference;  whilst  for  fibres- 
which  are  longer  or  shorter,  the  othec  rollers,  according  to  their  place,  will 
answer  the  same  purpose.  In  this,  however,  there  is  no  new  principler 
and  although  modified,  it  amounts  merely  to  the  operation  of  holding  and' 
drawing  rollers.  From  some  impediments  thrown  m  the  way  of  the  Scotch 
flax-spinners  by  the  patentees  before  mentioned,  dl«y  began,  we  be1i«ve, 
3  C 
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in  BO  long  time,  to  place  their  rollers  in  a  straight  line,  at  distances  suitar 
ble  to  the  length  of  the  fibres.  Of  the  excellence  of  this  arrangement  a 
working  model  made  for  tiie  Andersonian  Institution  in  Glasgow^  in  the 
year  1803,  afforded  sufficient  evidence. 


WEAVING. 

In  the  preceding  articles,  cotton,  wool,  silk,  and  flax,  we 
have  traced  the  process  of  forming  the  four  commonest  fibrous 
materials  to  the  state  of  thread  or  yarn,  and  now  purpose, 
in  general  terms,  to  treat  of  their  further  destination  in  the 
formation  of  the  various  superficial  structures  termed  web  or 
cloth. 

The  structures  which  come  under  the  name  of  cloth  are 
formed  of  two  distinct  layers  of  yarns,  generally  crossing  each 
other  at  right  angles,  termed  the  warp,  and  the  woof  or  weft; 
and  as  all  cloths,  however  varied,  are  constructed  of  these 
two  distinct  portions  of  threads,  the  mind  will,  when  made 
to  comprehend  the  mode  and  form  of  loom  used  in  the  weav- 
ing of  one  material,  be  able  easily  to  conceive  its  application 
to  other  sorts,  varying  only  in  dimensions  and  strength, 
according  as  the  weight  of  the  yam  or  size  of  the  cloth  may 
demand. 

Prior  to  commencing  the  weaving  of  any  material,  it  is  ne- 
cessary to  prepare  the  yarn  for  the  loom,  one  process  of  which 
preparation  is,  in  fact,  the  measuring  and  arranging  the 
threads  that  are  to  dompose  the  warp  in  a  parallel  direction, 
termed  warping. 

The  warp,  or  that  layer  of  threads  which  extends  the  length 
of  the  piece  to  be  woven,  requires  the  most  attention  in  the 
preparation.  To  form  a  warp,  it  is  necessary  to  be  very 
particular  in  the  number  and  quality  of  the  yarns;  for  upon 
their  fineness,  length,  and  breadth,  depend  the  fineness, 
length,  and  breadth,  of  the  piece  to  be  woven.  Though  this 
may  appear  a  very  simple  operation,  yet,  the  performing  of 
it  with  expedition  and  accuracy  demands  some  mechanical 
skill.  The  machine  for  efiecting  this  object  is  termed  the 
warping-mill,  and,  though  considerably  larger,  may  be  com- 
pared to  the  reel  described  in  the  cotton  manufacture  :  bat 
the  spindle  upon  which  it  revolves  is  placed  perpendicularly. 
The  reel  cannot  easily  be  made  of  such  dimensions  that  a 
thread  measured  upon  its  circumference  shall  be  equal  to  the 
required  length  of  the  warp ;  and  consequently  the  layer  of 
yarns  is  placed  in  a  direction  parallel  to  the  axis  of  the  reel. 


Digitized  by 


Google 


AND  MACHINIST.  419 

Bnd  wound  upon  it  in  a  spiral  direction  till  they  arrive  at  the 
tipper  end,  when  the  motions  of  the  mill  and  the  yarns  are 
reversed,  and  a  fresh  layer  is  placed  upon  the  same  parts  of 
the  reel.  By  this  method  of  plying  the  layers  of  yarn,  it  is 
obvious  that  a  small  number  of  ends  may  be  doubled  so  as 
to  form  the  required  breadth  of  the  warp.  If  the  twist  is 
spun  on  cops,  it  must,  prior  to  warping,  be  wound  on  bobbins, 
which  bobbins  are  placed  in  a  frame  to  be  wound  off  upon 
the  warping-mill. 

The  next  operation  to  be  effected  in  the  manufacture  of 
cotton  goods  is  that  of  dressing  the  warp;  that  is,  impreg- 
nating it  with  certain  gummy  or  gelatinous  matter,  and  coat- 
ing the  surface  of  the  yarns,  to  enable  the  warp  to  sustain  the 
abrasion  to  which  it  is  subjected  in  the  process  of  weaving, 
as  will  be  seen  when  that  process  is  described.  In  preparing 
the  wool  and  silk  yarns  for  the  looms,  dressing  is  in  general 
only  required  for  the  finest  sort,  when  a  little  mucilage  of 
gum  arabic,  or  of  jelly  made*  from  rabbit  or  other  light  skins, 
is  used  to  increase  in  a  slight  degree  the  tenacity. 

As  it  is  of  considerable  importance  in  the  dressing  of  warps 
to  have  the  materials  dispersed  equally  over  the  surfaces, 
many  ingenious  mechanics  have  constructed  machines  for  that 
purpose ;  the  general  principles  of  which  are  the  placing  of 
the  warp  on  a  roller,  and  immersing  it  in  the  mucilage, 
which  allows  it  to  be  drawn  off  covered  with  mucilaginous 
matter.  The  superfluous  mucilage  is  brushed  off,  and  the 
yarn  is  put  in  a  frame,  and  by  means  of  revolving  fans  is 
dried  and  rendered  fit  to  be  put  in  the  loom.  In  cases 
where  the  manufacturer  operates  separately,  the  weaver 
dresses  the  warp,  by  extending  and  carefully  brushing  it 
over  with  paste,  and  drying  it  in  the  air,  prior  to  placing  it 
in  the  loom. 

Before  we  proceed  to  give  a  description  of  the  looms  used 
in  the  manufacture  of  cloth,  it  is  requisite  that  the  reader 
should  be  acquainted  with  the  various  sorts  of  structure 
arising  from  the  different  dispositions  of  the  warp  and  weft, 
termed  fabric. 

The  simplest  mode  of  disposing  of  the  warp  and  weft  is 
called  common  fabric;  and  taking  into  account  the  quantity 
of  yarn  used  for  a  given  superficies  of  cloth,  is  certainly,  so 
far  as  respects  its  strength  and  durability,  the  most  advan- 
tageous mode  of  distributing  it. 

Fig.  412  18  a  sedion  of  a  piece  of  cloth  wore  in  the  common  fabric.  The 
circles  represent  the  warp  m  section,  and  the  weft  is  seen  passing  alternate- 
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}j  abore  and  below  each  succeeding  yam,  and  the  retarn,  or  next  ligrer  of 
wefl,  pasting  beneath  those  threads  over  which  it  had  passed  before,  and 
meeversd. 

Fig.  413  represents  a  section  of  a  piece  of  cloth  wove  to  a  twilled  pat- 
tern. In  this  the  jram  of  the  wed  passes  alternately  over  four  and  under 
one  of  the  threads  of  the  warp,  and  vice  vend  in  its  return. 

Fig.  4X4  represents  the  section  of  a  dimity  or  kerseymere,  in  which  the 
weft  passes  over  four  and  under  four,  then  over  one  and  under  four,  and 
orer  four  and  under  one,  which  places  it  in  a  position  to  begin  again  i  when 
the  passage  of  the  weft,  as  it  regards  the  warp,  is  exactly  reversed. 

Fig.  415  shows  the  construction  of  a  double  cloth  woven  with  two  warps. 
This  mode  of  weaving  is  mostly  applied  to  the  construction  of  carpets,  and 
the  transposition  of  the  colours  in  the  pattern  arises  from  it  All  the  divers 
modes  of  passing  the  weft  amon^^  the  warp  may  be  introduced  in  this 
fifl;ure,  and  whatever  is  effected  with  one  web  of  warp  is  alternately  effect- 
ed widi  the  other,  as  may  be  seen  by  the  figure,  it  is  therefore  easy  to 
conceive,  that  all  the  various  patterns  in  woven  goods  are  obtained  by 
differently  disposing  of  the  warp,  that  is,  lifting  a  g^reater  or  smaller  quan- 
tity of  it  at  a  time,  which  places  the  weft  on  either  sur&ce  of  the  doth  at 
pleasure. 

The  common  loom,  or  that  which  is  destined  to  weave  cloth  of  the  com- 
mon fabric,  is  the  most  rimple  in  its  construction,  as  the  mode  of  lifting  and 
depressing  the  portions  of  the  warp  are  similar  at  each  throw  of  the  shuttle. 
A  top  view  of  a  loom  of  this  description  is  given  in  fig.  416. 

A  is  a  warp. 

B  a  roller  upon  which  the  warp  is  wound,  called  the  yam-beam,  and  ap- 
plied to  maintiun  the  warp  in  a  stretched  position  by  means  of  a  lever 
passing  through  one  of  its  ends  and  tightened  with  a  string ;  as  will  be  more 
clearly  understood  by  referring  to  the  perpendicular  section  at  No.  2  of  this 
fig^ure. 

C  C  C  are  rods  placed  between  the  threads  of  the  warp  to  keep  them 
separate,  so  that  they  may  pass  forward  dear  of  each  other,  when  the  warp 
is  fed  forward  and  filled  with  the  wefty  these  rods  are  at  different  periocb 
moved  towards  the  warp-roUer  B. 

At  D  are  the  heald  or  heddles,  formed  of  two  rods,  one  above  and  the 
other  below  the  piece,  and  connected  together  by  numerous  strings,  through 
which  distinct  portions  of  the  warp  pass,  and  by  means  of  the  treadles  be- 
low sre  lifted  and  depressed*  A  detached  view  of  two  leaves  of  a  heddle 
is  represented  in  section  in  fig.  417. 

aa,  a^  ai ,  are  the  top  and  bottom  bars,  and  the  two  lines  aS  aS  repre- 
sent two  adjacent  yams  of  the  warp,  so  that  when  a  a  rises  it  carries  with 
it  one  thread,  wlule  the  other  thread  which  is  passed  through  the  lower 
loop  of  this  heddle  is  depressed  by  the  other  heddles.  I'he  next  part,  £, 
fig.  416,  is  a  frame  to  carry  the  reed,  called  the  lay.  A  portion  of  the  reed 
is  shown  detached  in  fig.  418.  It  is,  except  when  used  in  cloth  of  the  coars- 
est description,  formed  of  flatted  wires,  placed  parallel  to  each  other,  and 
governed,  as  to  their  thickness  and  adjacency,  by  the  fineness  of  the  &bric 
in  which  they  are  to  be  used. 

The  lay,  fig.  416,  which  carries  the  reed,  is  hung  from  a  bar  capable  of 
vibrating  on  gudgeons  in  the  upper  frame  of  the  loom.  The  two  thin 
elastic  pieces  of  wood  which  suspend  the  lay  are  called  swords,  and  may  be 
seen  at  P  i.  F  i ,  fig.  419.  The  reed  thus  hung  is  just  beyond  the  line  or  the 
shutUe-flignt,  and  has  one  or  two  threads  of  the  warp  passed  between  each 
of  its  wires,  which  wires  are  termed  dents.  Its  use  is  to  strike  home  the 
thread  of  the  weft  immediately  after  it  has  been  delivered  by  the  flight  of 
the  shuttie  j  it  is  therefore  pushed  by  the  weaver  towards  the  yam-beam, 
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prior  to  each  flight  of  the  shuttle,  and  when  the  weft  has  been  delbered, 
it  is  allowed  to  return  and  strike  home  that  individual  thread. 

The  next  part  of  the  loom  is  the  shuttle-boxes,  which  are  placed  at  F,  F. 
In  weaving  narrow  goods,  the  shuttle  is  passed  between  the  warp  by  the 
iiands  of  the  weaver,  but  when  the  cloth  is  fine,  or  of  a  breadth  to  preclude 
this  mode,  the  fly-shuttle,  which  is  much  more  compact,  and  has  a  spindle 
to  carry  a  cop  upon  it,  is  introduced.  This  form  of  shuttle  is  represented  in 
flg.  420.  The  diuttle  with  its  cop  is  placed  in  the  shuttle  box,  which  is  of 
dimensions  just  sufficient  to  receive  it.  In  fig.  419  is  represented  the  reed 
and  lay  at  F3  F^ .  The  shuttle  is  driven  to  the  opposite  boxes  by  means  of 
a  small  piece  of  wood,  called  a  driver,  which  lies  behind  the  shuttle  in  each 
box,  and  is  capable  of  being  swiftly  drawn  forward  by  a  string  attached  to  it, 
and  connected  with  a  handle,  G.  The  weaver  holds  the  handle  in  his  hand, 
and  by  a  lerk  throws  the  shuttle  across  the  web  into  the  opposite  box,  and 
then,  by  bringing  the  lay  towards  him,  strikes  home  the  weft  The  flight 
of  the  riiuttle  requires  adjustment  or  skill,  as  its  impetus  must  be  propor- 
tioned to  the  weight  of  the  yarn  which  it  carries,  and  the  freedom  wiUi 
which  the  cop  unwinds. 

If  two  or  three  colours  of  wefl  are  to  be  put  into  a  piece,  so  as  to  form  a 
pattern,  there  are  two  or  three  shuttles  to  be  thrown ;  in  such  case,  the 
shuttle-boxes  are  formed  in  three  parts,  as  represented  by  the  dotted  lines. 
This  combination  of  shuttle-boxes  is  capable  of  being  moved  upwards  and 
downwards  upon  the  lay  by  the  small  levers,  H,  H,  fixed  upon  the  swords, 
and  worked  by  the  handle  I,  so  that  the  shuttle  to  be  thrown  may  be 
brought  opposite  to  the  division  in  the  warp  through  which  it  is  to  fly. 

As  the  cloth  is  perfected,  it  is  led  over  the  breast-beam  K,  fig.  416,  and 
is,  by  means  of  a  ratchet-wheel,  wound  upon  the  roller  L,  which  is  termed 
the  cloth-beam.  At  m  is  a  stretching-rod,  formed  of  two  pieces,  and  lash- 
ed with  a  piece  of  band,  in  such  manner,  that  the  ends  are  forced  outwards, 
as  may  be  seen  in  the  fig^ure.  This  rod  has  small  points  at  each  end,  which 
pass  through  the  selvage  of  the  cloth,  and  serve  to  keep  the  cloth  stretch- 
ed, as  otherwise  the  action  of  the  weft  would  occasion  it  to  pucker  and  lay 
in  hollows.  The  weaver  sits  behind  the  breast-beamy  and  in  fine  work, 
where  the  breast-beam  is  dispensed  with,  behind  the  cloth-roller. 

Such  is  the  construction  of  loom  used  in  plain-weaving; 
and  by  examining  it  attentively,  it  will  be  seen  that  by  an 
additional  number  of  beddles  any  required  movements  of  the 
warp  can  be  effected,  and  by  varieties  of  weft  other  diversifi- 
cations attained  almost  to  infinity.  The  greatest  skill  requir- 
ed in  the  act  of  weaving  by  hand  is  the  directing  of  the  flight 
of  the  shuttle,  where  the  im|>etus  given  should  just  suffice  to 
deliver  it  in  the  opposite  box.  The  striking  home  of  the  weft 
should  be  done  with  a  regular  force,  and  the  preparatory  ope- 
rations carefully  attended  to,,  that  the  warp  may  wind  off 
freely  and  regularly  with  an  equal  tension  in  all  its  parts. 

From  an  examination  of  the  movements  of  so  simple  a  ma- 
chine as  the  loom,  the  machinist  will  instantly  conceive  the 
practicability  of  applying  power  to  produce  the  necessary 
movements ;  we  shall,  therefore,  present  the  reader  with  two 
combinations  of  this  class  which  are  called  power-looms : 
the  first  invented  by  a  Mr  Millar. 
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tig*  421  represents  a  section  of  a  power-loom,  in  which  all  the  opentioiis 
are  effected  by  means  of  treadles,  moved  by  wipers  or  eccentrics. 

A,  the  main  shaft,  to  which  the  power  is  communicated,  carrying  the 
wipers,  one  of  which  is  seen  at  A.  A  i ,  the  yam-beam ;  B,  three  rollen^ 
on  the  lower  of  which  the  cloth  is  wound  after  passings  above  and  between 
the  two  upper  ones ;  C,  C,  the  heddles ;  D,  D,  the  treadles,  to  which  the 
heddles  are  attached  by  means  of  a  line  passing  over  a  pulley,  in  such  man- 
ner, that  the  depression  of  one  heddle  occasions  the  raising-  of  the  others 
E,  E,  the  lay  carrying  the  reed ;  the  motion  is  given  to  the  lay  by  a  wiper 
moving  a  treadle  that  is  attached  to  the  lay  by  means  of  the  line  and  crank 
at  F.  The  return  motion  for  striking  home  the  weft  is  given  by  a  weight 
hanging  over  a  pulley,  as  may  be  seen  in  the  figure.  The  flight  of 
the  shuttle  b  occasioned  by  attaching  the  stringy  from  the  drivers  to 
another  treadle,  which  treadle  is  worked  at  the  proper  periods  by  another 
wiper. 

Another  form  of  power-loom,  called  the  crank-loom,  is  used, 
and  varies  from  the  preceding  in  the  mode  by  which  the 
movement  is  given  to  the  heddles.  In  this  construction  of 
loom  the  revolving  shaft  is  placed  immediately  under  the 
heddles,  which  are  suspended  over  a  pulley  similarly  to  (be 
loom  last  described ;  but  the  motion  is  given  to  them  by 
means  of  their  being  attached  to  two  opposite  cranks  on  the 
shaft.  The  motion  is  given  to  the  lay  by  a  crank  upon  ano- 
ther shaft,  which  is  made  to  revolve  twice,  while  the  shaft 
that  moves  the  heddles  revolves  once.  By  this,  it  is  evident, 
that  the  warp  is  opened,  and  the  shuttle  thrown  twicie,  du- 
ring one  revolution  of  the  first  shaft. 

The  flight  is  ^ven  to  the  shuttle  by  the  cords  of  the  driven  being  at- 
tached to  an  upnght  lever,  as  represented  in  fig.  422. 

The  cords,  c,  c,  of  the  drivers  are  attached  to  the  lever,  e,  which,  by 
means  of  the  arms,  h,  t ,  is  caused  to  vibrate  in  opposite  directions  upon  the 
centre,  g,  being  alternately  struck,  by  two  projecting  pieces  upon  the  first 
mentioned  crank-shaft,  which  causes  the  lever,  e,  to  vibrate  in  a  plane  pa- 
rallel to  the  crank-shafts,  and  gives  flight  to  the  shuttle,  at  the  period  when 
the  warp  is  opened. 

In  cither  of  these  plans  for  working  looms  by  power,  if 
the  number  of  heddles  is  required  to  be  increased,  in  order 
to  produce  any  figure,  it  is  easily  effected,  by  varying  the 
number  and  the  position  of  the  cranks  or  wipers. 

But,  though  great  variations  in  the  movements  of  a  warp 
may  be  effected  by  using  many  heddles,  yet  when  the  number 
of  heddles  and  the  number  of  cranks  are  increased,  great 
objections  arise  to  their  being  used;  consequently,  ano- 
ther construction  of  loom,  called  the  draw-loom,  is  intro- 
duced when  complicated  figures  are  to  be  woven.  In  this 
loom  the  changes  are  effected  by  raising  one  portion  of  the 
warp  entirely  out  of  the  way,  while  the  oiher  is  wrought  by 
the  heddles  at  the  time  it  is  being  filled  with  the  weft;  the 
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part  raised  is  then  lowered  into  work,  and  other  yarns  of  the 
warp  lifted  out  of  the  way. 

A  loom  on  this  principle  is  shown  in  fig.  423.  For  weaving  carpets  by 
this  method,  every  yam  of  the  warp  has  a  line  attached  to  it,  which  lines 
are  broug^ht  together  in  one  connected  piece,  according  to  the  portion  of 
warp  to  be  raised  at  once,  and  carried  over  the  pulleys  as  at  A,  and  attach- 
ed to  the  feed  beam  at  B.  This  portion  is  called  the  tail.  Below  the  warp 
these  lines,  which  are  called  the  simples,  are  kept  in  a  state  of  tension  by 
weights,  as  at  C;  and  in  order  to  keep  them  distinctly  apart,  are  made  to 
pass  through  a  board  perforated  with  holes  at  D.  Other  lines  are  attached 
to  the  tail,  capable  of  being  pulled  by  handles^  as  at  £,  by  which  means 
such  portions  of  the  warp  as  are  required  can  be  raised.  By  this  contrivance 
the  greatest  intricacy  or  pattern  can  be  attained  j  but  the  attaching  of  the 
nmples  to  the  different  parts  of  the  warp,  by  means  of  small  eyes  of  metal 
through  which  the  threads  of  the  warp  are  made  to  pass,  is  a  work  of  con- 
sidenu>le  labour.    Damask  table-cloths  are  produced  by  this  loom. 

It  would  occupy  too  much  room  were  we  to  enter  with 
more  exactness  into  the  great  variety  of  looms  which  ingenui- 
ty has  constructed;  what  we  have  said  therefore  we  trust  will 
be  sufficient  to  convey  to  the  reader  a  perfect  knowledge  of 
the  principles  of  forn;iing  those  various  fabrics  which  are 
termed  cloth.  In  the  weaving  of  ribands  and  other  ornament- 
al works,  many  extraneous  substances,  totally  unconnected 
with  the  warp  or  weft,  are  thrown  in,  which  affords  the  de- 
siffnersan  additional  scope  for  the  display  of  embellishments. 
These  substances  are  merely  held  in  the  fabric  by  the  inter- 
section of  the  two  staple  parts,  the  warp  and  the  weft,  and 
are  by  the  weavers  denominated  whips. 

In  the  formation  of  cloth  from  the  yarn  of  cotton,  silk, 
hemp,  and  long  wool,  denominated  worsted,  the  fabric  when 
taken  from  the  loom  is,  so  far  as  it  regards  the  weaving,  in  a 
perfect  state ;  the  further  operations,  both  mechanical  and 
chemical,  which  it  undergoes,  may  properly  be  considered  as 
tending  merely  to  its  further  embellishment.  These  opera- 
tions consist  generally  of  singing  the  superfluous  fibres  from 
the  surface  of  the  cloth,  by  drawing  it  over  hot  irons,  and  af- 
ter bleaching  or  dying,  submitting  the  cotton  and  linen  goods 
to  pressure  between  heavy  iron  cylinders,  for  the  purpose  of 
giving  it  a  gloss,  and  the  worsted,  called  camblets  or  stuffs, 
between  warm  copper-plates,  called  hot-pressing,  to  give  it 
a  smooth  and  finished  appearance. 

In  the  formation  of  cloth  from  short  wool,  of  which  our 
wearing  apparel  is  made,  the  loom  cannot  be  said  similarly 
to  have  completed  the  operation.  In  this  branch  of  manufac- 
ture, the  yarn  is  woven  in  a  common  loom  in  the  manner  we 
have  shown,  and  called  common  fabric,  but  when  the  piece  is 
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taken  from  the  loom  the  web  is  too  loose  and  o|>eny  and  is 
consequently  submitted  to  another  operation,  called  roHiog, 
or  milling.  The  cloth,  after  it  is,  by  repeated  washings, 
divested  of  the  oil  that  was  put  in  it  in  the  act  of  carding 
the  wool,  is  taken  to  the  fulling-mill,  where  it  is  wet  with 
soap  and  water,  and  subjected  to  repeated  compressions  by 
the  action  of  a  large  beater  formed  of  wood,  called  a  stock, 
which  irepeatedly  changes  the  position  of  the  cloth,  and  by 
its  continuous  action  causes  the  fibres  to  felt  and  combine 
more  closely  together,  so  that  the  stability  of  the  texture  Is 
greatly  improved. 

The  cloth  then  undergoes  the  operation  of  the  gig-mill, 
which  is  formed  of  a  cylinder,  somew^iat  similar  to  that  of 
a  carding-engine,  covered  with  the  heads  or  burs  of  a  large 
species  of  thistle,  called  teasels.  The  cloth  is  strained  on 
this  engine,  and  by  continued  running  up  and  down,  the 
^  fibres  or  nap  is  raised  and  laid  in  a  parallel  direction :  it  is 
then  cut  close  by  shears,  and  afterwards  submitted  to  the 
dyer,  if  so  destined ;  but  in  many  colours,  for  the  best  cloths, 
this  process  is  effected  in  the  wool,  prior  to  the  commence- 
ment of  the  manufacture. 

It  is  afterwards  scoured,  and  again  submitted  to  the  gig- 
mill  for  raising,  again  cut  by  the  shears,  and  then  pressed 
for  the  market. 

In  trying  the  strength  of  cloth,  it  should  always  stand 
both  in  the  direction  of  the  warp  and  the  weft;  and  the  sub- 
stance of  which  all  parts  are  formed  should  be  known  by 
separate  examination,  and  not  by  mere  superficial  inspec- 
tion, as  the  surface  may  easily  be  formed  to  bide  defects, 
and  display  apparent  value. 


ROPE-MAKING. 

In  rendering  the  hemp-plant  proper  for  the  uses  of  the 
rope-maker,  it  has  to  undergo  a  variety  of  processes. 

The  first  of  these  is  rettingy  that  is,  exposing  it  to  the 
action  of  the  dew,  or  water ;  the  former  termed  dew-retting; 
the  latter,  by  which  the  finest  hemp  is  produced,  water* 
retting.  In  both  or  either  of  these  processes,  the  quality  of 
the  hemp  is  said  to  be  influenced  by  the  state  of  the  weather, 
and  the  finest  to  be  produced  when  showers  have  mostly 
prevailed. 
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Id  dew-rettingy  the  hemp-stalks,  immediately  after  being 
pulled,  are  spread  out,  in  a  thin,  even,  and  regular  way,  so 
as  to  keep  exact  rows,  on  a  fine  level  piece  of  close  old  sward 
land,  for  the  space  of  three,  six,  and  sometimes  eight  weeks, 
as  circumstances  may  require ;  during  which,  they  are  turn- 
ed two  or  three  times  in  the  week,  according  to  the  state  of 
the  atmosphere. 

The  motive  for  thus  spreading  it  out  upon  the  ground  is, 
that  the  dew,  by  penetrating  into  the  plant,  may  render  the 
separation  of  the  rind  from  the  stem  or  bur  easy  to  be  ac- 
complished. When  the  dew  has  acted  upon  it  sufficiently 
for  this  purpose,  it  is  tied  up  into  large  bundles,  and  carried 
home  and  slacked,  or  otherwise  it  is  put  into  a  covered  build- 
ing, till  wanted  to  be  formed  into  hemp. 

This  process,  called  grassing,  requires  great  nicety  and 
attention,  that  the  texture  of  the  hemp  may  not  be  injured 
either  by  too  long  continuance  on  the  sward,  or  by  being 
removed  before  the  hempy  substance  is  rendered  sufficiently 
separable. 

In  water-rettingy  the  much  more  common  and  speedy 
method  is,  to  tie  the  hemp-plant  into  small  bundles,  by  means 
of  bands  at  each  end,*  and  in  general  to  deposit  it  bundle 
upon  bundle,  in  a  direct  and  crossing  manner,  in  a  pond  of 
standing  water,  to  form  what  is  called  a  bed  of  hemp.  This 
bed,  when  formed  of  as  great  a  thickness  as  the  depth  of  the 
water  will  admit,  which  some  think  can  hardly  be  too  great, 
though  five  or  six  feet  are  the  usual  depths,  is  loaded  with 
large  pieces  of  heavy  wood  until  the  whole  is  immersed  in 
the  water.  In  choosing  ponds,  those  should  be  preferred 
that  have  clayey  bottoms. 

When  the  hemp-plant  has  remained  in  the  water  for  about 
five  or  six  days,  varied  according  to  the  nature  of  the  pond 
and  the  state  of  the  weather,  it  is  taken  out,  and  conveyed  to 
a  piece  of  mown  grass  or  other  sward  land,  which  is  free  from 
all  sorts  of  animals.  Here  the  bundles  are  untied,  and  the 
hemp-stalks  spread  out  thin,  stem  by  stem.  While  in  this 
state,  especially  in  moist  weather,  they  must  be  carefully 
turned  every  second  day,  to  prevent  their  being  injured  by  the 
worm  casts.  In  this  way  they  are  kept  for  about  five  or  six 
weeks,  when  they  are  gathered  up,  tied  in  large  bundles,  and 
kept  perfectly  dry  in  a  house  or  small  stack,  till  wanted  for  use. 

In  some  of  the  northern  parts  of  Scotland,  the  hemp,  after 

it  has  been  pulled,  and  cleared  of  its  leaves,  seeds,  and 

branches,  by  means  of  a  ripple,  is  formed  into  bundles  of 

twelve  handfuls  each,  and  steeped  in  a  manner  similar  to  flax, 
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4ill  iU  reed  beeemes  capable  of  parting  frooi  %h%  bark.  In 
this  proceM,  it  b  favourable  to  gWe  it  rather  too  moch  thafi 
too  little  of  time  ',  and  let  it  be  observed,  that  the  most 
slender  hemp  requires  the  greatest  length  of  time  in  the 
water.  Where  the  quaotitj  of  hemp  is  only  small,  the  hempy 
part  may  be  separated  from  the  reed  by  band-labour ;  but 
where  it  is  large,  drying  and  breaking  it  in  the  manaer  of 
flax  is  strongly  recommended. 

After  the  hemp  has  been  taken  oat  of  the  water,  it  is  not 
apread  oat  upon  the  grass^ground  in  the  way  of  flax,  bat  set 
up  in  an  inclined  position  against  oords  arranged  for  the  par* 
pose,  or  by  any  other  method  by  which  it  can  receive  the  full 
benefit  of  the  air  till  it  be  perfectly  dried,  which  may  be  known 
by  its  rising  in  blisters  from  the  boon.  As  soon  as  it  hat 
been  reeded.,  it  must  be  divested  of  the  mucilaginooa  mate- 
rial which  it  contains,  by  pouring  water  open  and  repeatedly 
squeezing  it.  In  this  part  of  the  process  great  care  must  be 
taken  to  prevent  the  fibres  from  getting  entangled,  as  by  that 
means  great  waste  will  be  incurred. 

M.  &ealle,  on  the  Continent,  has  suggested  a  mode,  very 
<ttfierent  to  any  of  these,  for  the  purpose  of  steeping  hemp, 
the  advantages  of  which,  it  is  asserted,  tiave  been  fully  proved 
by  numerous  trials.  The  process  consists  in  heating  water 
in  a  vessel,  or  vat,  to  the  temperature  of  from  73  to  75  de- 
grees of  Reaumer,  and  dissolving  in  it  a  qaantitv  of  green 
soap,  in  the  proportion  of  i  to  48  of  the  hemp  t  the  body  ef 
the  water  being  about  forty  times  the  weight  of  the  hemp. 
When  this  preparation  is  made,  the  hemp  is  thrown  into  it, 
and  floats  on  the  surface,  and  the  vessel  being  immediately 
covered,  the  fire  is  put  out.  In  this  state  the  hemp  is  allow- 
ed to  remain  for  two  hours,  at  the  expiration  of  whicb  time 
it  will  be  fbund  to  be  fiilly  steeped. 

The  principal  superiority  of  this  method,  beeides  the  great 
aaving  of  time  and  expense,  is  said  to  consist  in  the  heap 
afibrding  a  creator  proportion  of  tow.  The  value  of  the  fnei, 
as  well  as  the  time  employed  in  the  process,  should,  however, 
be  well  considered  in  such  cases.  Besides  these,  it  is  said  to 
promote  the  cultivation  of  the  hemp  crops,  by  the  facility 
which  it  afibrds  to  the  preparation,  even  in  such  sitnations  as 
are  not  contiguous  to  rivers,  streama,  or  ponds ;  it  also  ob- 
viates any  ill  consequences  that  might  possibly  ensue  from 
the  putrid  efiluvia  of  the  atmosphere,  and  the  corruption  of 
the  waters,  induoed  by  it,  which  last  are  well  known  to  de- 
stroy the  fish  contained  in  them,  as  also  to  prove  hurtful  to 
the  cattle  that  drink  of  them. 
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In  oonieqiMnoe  of  tlie  great  trouble  and  eipense  attendant 
upon  the  process  of  water-retting,  the  hemp  is  frequently  left 
for  seed ;  in  which  case,  it  is  commonly  stacked  up  and  well 
corered  for  the  winter  season,  in  order  that  it  may  be  thinly 
spread  out  in  alK>ut  January  or  the  following  month.  Where 
this  can  be  executed  during  the  period  of  a  snow,  the  hemp 
comes  much  more  readily  to  a  good  colour,  and  forms  strong 
coarse  cloths ;  but  it  is  far  inferior  to.  that  pulled  in  due  sea- 
8on,^nd  which  has  undergone  the  water-retting  operation. 

Various  contrivances  have  been  made  in  the  form  of  ponds 
and  pits,  for  the  steeping  of  hemp ;  but  the  one  which  seems 
to  possess  the  most  noerit  is  described  in  the  Nc^-folk  Report, 
9B  the  invention  of  Mr  Rainbeard ;  by  using  of  which,  the 
bemp  can  be  deposited  in  the  pit,  without  the  necessity  of 
any  person  getting  wet.  The  pond  is  an  old  marUpit, 
with  a  regular  slope  from  one  side,  where  the  hemp  is  pre* 
pared,  to  the  depth  of  eight  feet  on  the  other  side.  On  the 
eiope,  above  the  water,  the  hemp  is  built  into  a  sauare  stack 
upon  a  frame  of  timber,  of  such  a  height  as  will  float  and 
bear  a  roan  without  wetting  his  feet :  this  is  slid  down  upon 
the  frmne  into  the  water,  and  a  person  on  the  opposite  bank 
draws  it  to  the  spot  where  it  is  to  be  sunk.  Mr  Rainbeard 
has  found  by  experience,  that  the  hemp  does  soonest  at  the 
bottom,  and  would  not  object  to  16  feet  of  water.  By 
means  of  this  very  useful  contrivance  he  can  put  in  a  wagon- 
load  in  an  hour.  The  sheaves  are  taken  out  one  by  one  in  the 
usual  way;  but  it  is  suggested,  that  some  more  expeditious 
and  simple  contrivance,  either  upon  the  principle  of  the  le- 
ver, or  some  other,  should  be  resorted  to  for  efleoting  the 
desired  purpose. 

in  preparing  the  hemp  for  the  hackle,  the  work  is  executed 
chiefly  by  the  beetle,  first  using  a  coarse,  and  then  a  finer 
brake  :  it  may,  however,  be  more  expeditiously  performed  by 
the  rollers  of  a  lint-mill.  In  either  mode,  shaking  the  hand- 
fuls  frequently  with  force  is  necessary.  In  cases  where  the 
plant  has  not  been  sufficiently  watered  to  loosen  the  rind, 
the  operation  of  peeling  must  be  performed  by  the  hand. 

Another  method  for  effecting  tnis  purpose  is  the  hemp- 
mill,  which  is  much  used  in  America.  It  consists  simply  of 
a  large  heavy  stone  in  the  form  of  a  sugar-loaf,  having  the 
small  end  cut  off.  Thus  shaped,  it  readily  moves  round 
in  a  circle,  when  passing  upon  a  plane.  The  motion  is 
given  by  the  impulse  of  water  on  a  wheel,  and  the  hemp, 
deposited  on  the  receiving  floor  of  the  mill,  is,  by  the  weight 
and  revolutioas  of  the  stone,  perfectly  crushed  and  broken. 


Digitized  by 


Google 


«8  THE  OPERATIVE  MECHANIC 

Still,  however,  the  fluted  rollers  of  a  lint-mill  are  the  best 
means  of  performing  the  work,  provided  sufficient  care  be 
taken  to  guard  against  accidents. 

When  the  hemp  has  been  completely  broken,  it  is  sub- 
mitted to  another  operation,  called  swingling,  or  scotching  ; 
the  intention  of  which  is,  to  separate  the  reed  from  tbe 
hemp.  This  operation  is  sometimes  performed  by  a  labourer, 
who  takes  a  handful  of  hemp  in  his  left  hand,  and  while 
holding  it  over  the  sharp  edge  of  a  board,  strikes  it  with  the 
fine  edge  of  a  long  flat  straight  piece  of  wood,  usually  termed 
a  swingle-hand  or  scotcher ;  but  this  way  is  both  laborious 
and  tedious ;  consequently,  mills  moved  by  water,  having  a 
number  of  scotchers  fixed  upon  the  same  axle-tree,  and  mov- 
ing with  great  velocity,  are  much  more  firequently  used.  The 
work,  in  this  case,  is  executed  with  much  greater  expedition, 
and  far  less  fatigue  of  the  workmen  ;  but  the  velocity  of  the 
mill  occasions  a  great  waste  of  hemp. 

Before  the  hemp  prepared  in  this  manner  is  subjected  to 
the  hackle,  it  mostly  undergoes  another  process,  termed 
beetling;  by  which  the  fibres  of  the  hemp  become  more 
loosened  and  divided.  The  beetles  employed  with  this  in- 
tention are  moved  by  the  power  either  of  the  hand  or  water, 
which  may  be  considered  best. 

The  implements  used  in  preparing  hemp  for  the  operation 
of  spinning  are  so  very  similar  to  those  described  in  the  pre- 
paratory processes  of  the  flax-manufacture,  that  we  do  not 
consider  it  necessary  to  give  more  than  a  general  description 
of  tbe  processes ;  we  shall  therefore  conclude  this  article  with 
an  accurate  description  of  a  patent,  taken  out  by  Mr  Greorge 
Duncan,  of  Liverpool,  in  March  1813,  for  his  improvements 
in  the  difierent  stages  of  rope-making,  and  for  certain  ma- 
chines adapted  for  the  same. 

The  first  part  of  the  process  which  he  has  described,  is 
that  for  spinning  the  yam  for  aU  kinds  of  cordage^  linesj  md 
twine. 

In  this  part  of  the  invention  there  are  two  railways,  adjoin- 
ing and  parallel  with  each  other,  fixed  along  the  spinning- 
ground  or  rope-walk,  from  one  end  of  it  to  the  other.  Upon 
each  of  these  railways  a  machine  for  spinning  the  yarn  is 
made  to  travel  alternately  backwards  and  forwards,  one  set- 
ting ofi*  from  the  bottom  of  the  ground  at  the  same  time  that 
the  other  sets  ofi*  from  the  top,  and  as  they  both  travel  at  tbe 
same  rate,  the  former  arrives  at  the  top  of  the  ground  at  the 
same  time  the  latter  arrives  at  the  bottom. 

These  spinning-machines  are  in  every  respect  similar  to 
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each  other,  and  are  respectively  furnished  with  two  sets  of 
twisting  spindles ;  one  set  being  placed  at  one  end  of  the  ma- 
chine,'with  the  hooks  facing  the  top  of  the  spinning-ground ; 
the  other  at  the  opposite  end,  with  the  hooks  facing  the  bot- 
tom. The  spinners  employed  in  spinning  with  them  are,  ac- 
cordingly, divided  into  two  companies,  and  arranged  similar 
to  the  machines ;  the  one  company  at  the  top,  the  other  at  the 
bottom,  of  the  ground.  The  number  of  spindles  in  each  set  of 
each  machine  should  be  equal,  and  also  equal  with,  or  rather 
not  fewer  than,  the  number  of  spinners  in  each  company ;  or, 
in  other  words,  as  there  are  in  each  machine  two  equal  sets 
of  spindles,  (four  sets  in  all,)  the  number  of  separate  spin- 
dles in  the  two  machines  should  not  be  fewer  than  double  the 
whole  number  of  spinners  employed ;  because  one  set  only  in 
each  machine  is  occupied  at  the  same  time  in  spinning,  the 
other  set  being  in  the  mean  time  engaged  in  retaining  the 
yams  last  spun  from  it,  and  following  them  back  to  the 
winding-machine. 

The  manner  in  which  the  operation  is  performed  is  as 
follows: — ^The  spinning-machines  are  placed,  as  before  de- 
scribed, one  at  each  end  of  the  spinning-ground,  on  its  respec- 
tive railway,  ready  to  set  off.  Each  spinner  of  the  two 
companies  immediately  attaches  his  hemp  or  flax  to  the 
spindle  of  the  machine  that  is  nearest  to  hiqn ;  and  the  motions 
of  both  machines,  excepting  those  of  that  set  of  twisting- 
spindles  facing  the  opposite  company,  are  then  struck  into 
geer,  and  each  machine  recedes  from  its  own  company,  spin- 
ning and  leaving  the  yarn  on  separate  guides  or  hooks  as  it 
proceeds  onwards,  the  one  down  and  the  other  up  the  ground, 
the  one  arriving  and  striking  itself  out  of  motion  at  the 
bottom,  when  the  other  arrives  and  strikes  itself  out  of  motion 
at  the  top.  Each  spinner  of  the  two  companies  then  detaches 
the  yarn  in  his  hand  from  the  hemp  or  flax  which  he  was 
spinning,  and  fixes  the  end  of  the  piece  that  is  spun  to  a 
winding-up  reel,  in  a  machine  stationed  behind  or  near  him, 
while  the  other  end  still  remains  attached  to  the  spindle- 
hook  of  the  machine  on  which  it  was  spun,  and  which  is  now 
at  the  further  end  of  the  ground. 

The  machines  have  now  changed  their  company ;  that  is, 
the  machine  which  formerly  belonged  to  the  company  at  the 
top,  now  belongs  to  the  company  at  the  bottom ;  and  that 
which  belonged  to  the  company  at  the  bottom,  belongs  now 
to  the  company  at  the  top.  Each  spinner,  therefore,  of  both 
companies,  immediately  attaches  bis  hemp  or  flax  to  the 
spindles  left  vacant  by  the  opposite  company,  and  the  motions 
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of  the  spindlet  to  which  the  hemp  or  flax  is  attached  betag 
struck  into  geer,  the  spinning  proceeds  as  before  ;  doriag 
which,  the  respective  winding-machines  wind  op  the  yams 
last  spun,  regularly  as  the  spinning-machine,  to  whose  spin- 
dles they  are  attached,  and  which  have  remained  stationary, 
advances  towards  it  from  the  other  end. 

The  spinning  of  the  two  sets  of  yam,  and  winding  ap  of 
the  two  last  spun,  being  finished  at  one  and  the  same  time, 
the  whole  machinery  again  stops,  and  each  spinner,  as  before, 
immediately  detaches  the  yam  in  his  hand  from  the  hemp  or 
flajc,  and  then  detaches  from  one  of  the  spindle-hooks  of  the 
spinning-machine  just  arrived,  the  yarn  which  he  had  od  the 
former  occasion  spun,  and  which  has  just  been  wound  op  od 
one  of  the  reels  of  the  winding-machine,  as  closely  as  tbe 
short  length  necessarily  intervening  between  thespinning  aod 
wiDding-machines  will  allow.  The  two  ends  of  these  yams 
be  splices  together,  so  that  the  yarn  just  spun,  lying  on  the 
guides  or  hooks  along  the  whole  length  of  the  spinning- 
ground,  is  now  ready  to  be  wound  up.  The  spinners  then  attach 
their  hemp  to  the  emptied  hooks,  the  machines  are  Wua 
struck  into  motion,  the  spinning  and  winding  go  on  as  beme, 
and  the  same  procedure  continues  to  be  renewed  each  time. 

The  general  principle  which  constitutes  this  mode  of  ope- 
ration, and  consequent  facilities  of  the  invention,  are,  that  one 
set  of  spindles  in  each  machine  is  always  employed  in  spin- 
ning, while  the  yarns  spun  by  and  attached  to  tbe  hooks  of 
the  other  set  at  the  opposite  end  of  tbe  machine  are  winding 
op,  so  that  every  spinner  is  constantly  kept  at  work  in  spin- 
ning, excepting  the  short  interval  when  splicing  the  yam,  and 
preparing  to  set  on  to  spin.  Throughout  the  whole  of  the  ope- 
ration, therefore,  whatever  one  of  the  spinning  and  tbe  wind- 
ing machines  may  be  performing,  and  one  of  the  company  of 
spinners  employed  in  doing,  the  other  spinning  and  winding 
machines,  and  company  of  spinners,  are,  in  every  respect, 
similarly  engaged. 

An  endless  rope,  driven  by  an  external  machinery,  gives  tbe 
travelling  and  twisting  motions  to  both  spinning-machines ; 
and  the  whole  of  these  motions  are  connected  with  and  bear 
a  given  proportion  to  each  other,  capable  of  being  regulated 
to  suit  the  speed  required.  The  two  winding-machines  may 
also  be  driven  by  the  endless  rope.  All  or  any  of  these 
machines  may,  nevertheless,  be  driven  by  distinct  endless 
ropes,  or  by  any  other  method  or  methods  in  use  for  driving 
locomotive  machinery,  provided  the  proportionate  speed  be 
kept  up. 
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The  application  of  the  rack,  hereafter  described,  will  be 
the  most  accurate  for  regulating  the  travelling-movement  of 
the  spinning  or  any  other  machine,  on  a  rope  walk ;  but  as 
the  resistance  in  the  present  case  is  very  trifling,  the  motion 
given  to  the  truck-wheels  of  the  spinning-machine,  as  shown 
in  the  engravings,  will  answer  the  purpose  at  less  expense. 

As  a  further  improvement,  Mr  Duncan  invented  an  addi* 
tional  apparatus  for  giving  an  after-twist,  which  either  may 
or  may  not  be  adopted.  The  object  of  this  improvement  is, 
to  prevent  the  yarns  losing  strength,  which  otherwise  they 
do,  by  losing  twist  by  the  counter-twist  of  the  strand,  and 
other  subsequent  operations.  This  is  effected  in  a  simple 
and  convenient  way,  by  continuing  the  twisting  for  a  sufficient 
length  of  time  after  the  travelling  motion  of  the  spinning* 
machine  has  ceased  ;  by  which  means,  an  additional  twist  is 
given  to  the  yarns  after  they  are  spun  to  their  full  length ; 
and  this  is  done  while  the  spinners  are  splicing  them  at  the 
other  end  of  the  spinning-sround,  and  preparing  again  to  set 
6n  to  spin,  without  occupymg  any  of  their  time  for  the  pur- 
pose. The  effect  of  this  part  of  the  invention  for  the  after- 
twist  has  been  produced  in  different  ways  by  others ;  but  by 
modes  either  so  complicated  or  expensive,  as  not  to  be  con- 
veniently available  in  practice. 

The  principal  advantages  to  be  derived  from  this  method 
of  spinning  are  the  following: 

First.  l%e  spinners  are  enabled,  at  much  less  expense,  to 
spin  a  greater  quantity  of  hand-spun  yam  than  they  can  by 
any  other  method  in  the  same  space  of  time ;  because,  except 
while  splicing  the  threads,  they  are  constantly  occupied  m 
•pinning;  and  have  neither  to  hook  up  the  threads,  nor  to 
travel  up  and  down  the  walk,  so  that  their  time  and  attention 
is  solely  confined  to  the  delivering  of  the  hemp  or  flax  from 
their  hands.  Secondly.  The  spe^  of  the  spinning-machine, 
besides  being  uniform,  is  proportioned  to  the  full  extent  of 
work  the  spinners  can  conveniently  accomplish,  which,  in 
some  measure,  compels  them  to  produce  the  greatest  possible 
quantity;  and  as  the  machine  is  constructed  so  as  to  lift  the 
threads  ofi*  the  hooks,  and  follow  them  up  to  the  winding- 
machine,  little  or  no  attendance  is  required  from  wheel-boys 
or  followers.  Thirdly.  The  spinners  are  enabled,  partly 
from  their  whole  skill  and  attention  being  confined  to  the 
one  object,  of  simply  delivering  the  hemp  or  flax  from  their 
fingers,  and  partly  from  the  requisite  degree  of  twist  being 
given  by  machinery,  to  produce  a  superior  quality  of  yarn. 
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And  fourthly.  The  hemp  to  be  spun  by  this  machinery  may 
either  be  dressed  in  the  usual  way,  or  prepared  and  dressed 
on  the  hackling-machines,  which  draw  out  the  whole  in  a 
long  sliver ;  and  in  either  case  it  may  be  spun  from  the  end 
of  the  fibres,  by  which  means  the  strongest  yarn  is  formed. 
It  may,  however,  be  spun  from  the  spinner's  waist,  and  with 
more  convenience  than  in  the  common  way,  because,  by  this 
method,  the  spinners  remain  always  in  a  room  at  each  end  of 
the  spinning-ground ;  consequently,  the  hemp  is  not  so  liable 
to  be  discomposed  as  when  they  have  to  travel  up  and  down 
its  whole  length ;  neither,  for  the  same  reason,  is  it  so  liable 
'  to  be  wasted. 

The  expense  attendant  upon  erecting  the  spinning  machi- 
nery, with  all  its  connexions,  and  the  power  requisite  to  drive 
it,  is  comparatively  trifling.  In  making  the  spinning  machi- 
nery, various  forms  or  shapes  may  be  adopted,  as  they  may 
be  made  to  travel  on  railways  on  the  ground,  or  on  railways 
suspended  from  the  beams  of  the  rope-walk,  or  fixed  upon 
or  above  them,  as  may  be  thought  proper ;  and  the  disposi* 
tion  of  the  necessary  machinery  may  be  arranged  and  diver- 
sified to  suit  the  situations  of  the  railways,  and  the  construc- 
tion and  conveniences  of  the  rope-walk. 

The  mode  shown  in  figs.  469,  470  and  471 ,  is  most  preferred  by  Bfr  Dun- 
can, merely  because  it  occupies  least  room  in  proportion  to  the  number  of 
spindles  the  spinning  machines  can  employ.  The  whole  width  of  a  rope- 
walk,  requirea  by  this  mode,  need  not  be  more  than  six  feet,  except  at  each 
end,  where,  of  course,  sufficient  width  convenient  for  the  pinners,  and  for 
the  winding-machine  and  dressed  hemp,  must  be  allowed.  In  this  narrow 
space  no  less  than  twenty-four  threads  may  be  constantly  kept  spinning  at 
one  time,  and  as  many  winding  up;  so  that  besides  every ^other  advantage, 
the  saving  in  the  original  cost  of  a  spinning-ground  on  this  plan,  and  in  the 
expense  of  covering  it  in,  will  be  considerable. 

In  the  explanations  to  the  fig^  478  and  479,  is  shown  how  other  arrange- 
ments may  be  made  by  which  the  competent  mechanic  will  be  enabled  to 
adapt  or  diversify  the  form  of  the  machines,  and  form  and  disposition  of  the 
machineiy,  to  suit  any  situation  in  a  ropery  which  is  most  convenient,  or  of 
little  use  for  other  piuposes. 

In  that  part  of  the  drawing,  entitled  "  Rope-spinning,"  from  A  to  B  is 
supposed  to  be  the  spinning-nt>und,  shown  as  broken  off  in  the  middle,  for 
want  of  room  to  show  it  in  full  length;  C  C  and  C  C,  on  each  side  of  the 
break,  is  one  railway;  D  D  and  D  D  the  other. 

Fig.  469  is  a  plan  of  one  of  the  spinning-machines,  at  the  top  of  the 
ground,  on  the  railway  C  C. 

Fig.  470  is  the  other,  exactly  of  the  same  construction,  at  the  bottom  of 
the  ground^  on  the  railway  D  D;  and 

F^.  471  is  a  side  elevation. 

Though  both  machines  are  precisely  similar,  yet  some  parts  of  the  ma- 
chinery are  omitted  in  some  of  the  figures,  tiiat  other  parts  may  be  seen 
more  distinctly,  and  in  none  of  the  figures  are  the  whole  shown  together. 


Digitized  by 


Google 


/•If/.-/  7,'J.f^^% 


Fl.  67  d^  66. 


Ft^.  472,pdM 


Digitized  by  CjOOQIC 


Digitized  by 


Google 


AND  MACHINIST.  438 

K,  wkeiwrer  itoeeura,  fkows  the  endless  rope  wliich  dmes  both  tiBaohinefl, 
and  m  the  rollers  or  puUies  suspeaded  from  the  besins  Lr  over  head,  which 
^uide  and  cany  it. 

Hie  same  charaeters,  in  all  the  above  Bgures,  whererer  they  may  be  used, 
denote  die  same  part. 

F  shows  the  framing  of  the  machines. 

m  and  b  two  grooved  sfaeeres,  festened  upon  the  two  upright  shafts 
e  and  d^  (as  best  seen  in  Bg.  471,)  driven  contrary  ways  by  means  of  the 
eiMttess  rope. 

The  manner  in  which  the  rope  goes  round,  and  grasps  die  sheeves,.  and 
occasions  their  contrary  motion,  is  best  seen  in  ^g.  470. 

In  fig.  471,  e  and  /  are  two  spur-wheels,  fixed  upon  the  shaft  e  and  cf, 
with  a  view  to  equalize  their  motion. 

The  twisting^  motions  fi^r  each  set  of  spindles  are  driven  by  their  respec- 
tive shafts,  which>  at  the  same  time,  drive  all  the  travelKng  motions.  But 
tiie  twistin|^  motions  for  one  ehd  only  are  driven  at  a  time;  fbr  while  the 
Aa£t  that  is  nearest  to  the  end  from  which  the  spinners  are  spinning,  ia 
driving- the  twisting  motions  of  that  set  of  spindles,  together  with  all  the 
travelHng  motions,  the  shaft  nearest  to  the  other  end  la  not  driving  any, 
though  both  shafts  are  then  revolving. 

g  and  h  in  the  travelling  motions  are  two  pinions,  upon  loose  rounds, 
alternately  driving  die  wheel  ^  which  is  fast  upon  the  short  upright  shaft  k, 
and  shown  only  in  fig.  471.  On  the  lower  end  of  this  shaft  is  the  bevel- 
wheel  If  driving,  by  means  of  anoUier  bevel-wheel,  m,  the  cross  shaft  n,  upon 
Otoe  end  of  which  are  fastened  the  sheevea  1,  2,  3,  and  upon  the  other  the 
sheeves  4,  5,  6,  seen  best  in  fig.  469.  These  sheeves  are  of  different  rizes, 
and  one  onlv  at  each  end  of  the  Aait  is  in  use  at  a  time;  o  and  p  are  the 
two  axles  of  the  truck-wheels,  having  the  sheeves  7,  8,  9,  fastened  upon  o, 
and  upon  p  the  sheeves  10,  11,  12.  The  four  truck-wheels  q  are  also  fast- 
ened upon  the  shafts  o  and  p,  and  modon  is  given  to  them  by  two  belts; 
one  driven  from  any  one  of  the  sheeves  1 ,  2,  3,  and  the  other  from  any  one 
of  the  sheeves  4,  5*  6,  each  belt  running  upon  its  corresponding  sheeve  on 
the  axles  of  the  truck-wheel.  The  tummg  round  of  these  axles  impels,  ac- 
cording to  the  motion  given  to  them,  the  machine  forward;  which^motion  can„ 
by  the  sheeves  being  of  different  sizes,  be  regulated  as  occasion  may  require. 

On  the  lower  end  of  the  shafts  e  and  d  of  the  twisting  motions  are  the 
sheeves  r  and  s,  on  loose  rounds,  each  in  its  turn  carried  about  by  catch- 
boxes^  (as  shall  be  hereafter  explained,^  and  driving  the  upright  rollers  or 
cylinders  G  and  H,  by  means  of  belts  going  round  the  sheeves  t  and  v,  fast- 
ened on  the  axles  of  the  rollers.  These  rollers  give  motion  to  the  twisting 
spindles  by  separate  bands  or  belts  passing  round  a  whiri  on  each  spindle; 
in  each  machme  aro  placed  twenty-four  spindles,  twelve  at  each  end,  or 
six  at  each  corner  of  each  end,  the  portions  of  which  aro  seen  in  fig^.  469 
and  470 .  In  either  of  these  fig^ures,  one  spindle  at  each'  of  the  four  comers 
only  appears,  the  other  five  bein(|^  ranged  in  a  direct  line  underneath;  but 
the  manner  in  which  they  rang^  is  seen  in  &g,  471.  In  fig.  471,  twelve, 
or  one^ialf  of  the  number  of  spindles,  appear  on  the  nearost  ude;  six,  or 
half  a  set,  at  each  end;  the  other  half  appear  similarly  situated  on  the  op- 
posite side.  These  two  sets  aro  alternately  employed,  the  one  in  spin- 
ning, and  the  other  in  holding  and  following  the  yarns  that  aro  winding 
up;  IT  tr,  fig.  471,  aro  ratchet- whe^  and  catches,  placed  on  the  axles  of  the 
rollers  G  and  H,  to  keep  the  yarns  firom  untwisting  when  winding  up. 

Figs*  469  and  470  best  show  the  carriers,  projecting  firom  the  frame  in 
which  the  twisting  spindles  run;  the  form  and  use  erf  them,  and  of  the 
whiris  and  spindles,  aro  so  obvious,  that  it  is  not  necessary  to  point  them 
out  in  any  of  the  fig^uros  by  a  distinguishing  character  of  roferonce;  and, 
for  the  same  roason,  none  of  tba  bands  or  belts  a^  marked. 
3  E 
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Harini^  so  hr  described  the  different  motions  and  appurtensnces  of  tbe 
spinning-machine,  we  shall  now  proceed  more  particulBriy  to  explain  tlie 
manner  in  which  they  operate. 

By  an  inspection  of  fig.  471,  it  will  be  seen,  that  the  catch  of  the  catcb- 
box  13  is  in  contact  wiUi  the  catch  of  the  pinion  h,  and  the  catch  of  tlie 
catch-box  14  with  the  catch  of  the  sheeves  I,  and  that  the  catches  of  tbe 
boxes  15  and  16  are  not  in  contact  with  the  corresponding  pinion  g  and 
sheeve  r. 

17  and  18  are  two  separate  levers,  one  at  each  end  of  the  machine,  alter- 
nately  used  for  striking  into  geer  the  catches  above  mentioned;  the  lever 
17  serving  for  the  two  ooxes  13  and  14,  and  the  lever  18  for  the  two  boxes 
15  and  16.  19  and  20  act  as  swingers  or  levers  from  the  joints  21  and 
22,  having  claw  ends  to  grasp  the  catch-boxes  13  and  14;  and  bein^ 
coupled  with  the  main  lever  17,  by  means  of  the  connecting  rod  23,  move 
them  either  up  or  down.  When  in  geer  they  are  held  firm  by  the  sneclc 
24;  but  on  running  against  a  fixture  at  one  end  of  the  spinning-ground,  are 
pulled  back,  which  causes  all  the  motions  of  the  machine  to  stop.  The 
machine,  however,  may  at  any  time  be  stopped,  as  occasion  may  require* 
by  pulling  back  the  sneck  by  hand.  The  two  main  levers  17  and  18  are 
so  weighted  at  the  handle  end,  that  when  disengag^ed  from  their  snecks 
the  catch-boxes  always  fly  out  of  geer.  The  machine  is  put  in  motion  by 
raising  the  main  lever  into  the  sneck  by  hand.  All  the  machinery  on  each 
nde  of  the  wheel »,  at  each  end  of  the  machine,  is  precisely  alike;  the  de- 
scription therefore  given  of  one  end  may  answer  for  the  other.  The  twist- 
ing motions  at  each  end  are  never  in  geer  at  the  same  time;  for  those  at 
one  end  are  eng^aged  in  spinning  one  set  of  threads,  while  those  at  the 
other,  whose  spindles  retain  and  follow  up  the  other  set  of  threads,  (last 
spun,)  to  the  winding-machine,  remain  at  rest  All  the  four  catch-boxes* 
13,  14,  15,  and  16,  constantly  go  round  with  the  shafts  c  and  d^  by  means 
of  feathers  in  the  shafts  actin^^  in  g^rooves  in  the  boxes. 

When  the  catch-box  14  is  in  contact  with  the  sheeve  «,  it  gives  motion 
to  the  set  of  twisting^indles  belonging  to  the  roller  H,  at  the  same  time 
its  accompanying  catch-box  13,  by  bemg  in  contact  with  the  pinion  A, 
gives  a  retiring  or  travelling  movement  to  the  whole  machine,  which  is 
effected  by  the  wheel  t  communicating  motion  to  the  four  truck-wheels, 
by  the  means  which  have  been  before  described.  The  wheel  i  is  common 
to  both  pinions,  being  turned  one  way  by  one  pinion,  when  the  machine 
is  retiring  from  the  top  of  the  ground,  and  the  contrary  way  by  the  other, 
when  it  is  retiring  from  the  bottom  of  the  g^round;  consequently,  the  cross 
shaft  n,  which  derives  its  motion  from  the  wheel  t,  turns  at  the  same  time 
both  the  truck-wheel  axles,  one  way  when  retiring  from  the  top,  and  the 
contraiy  way  when  retiring  from  the  bottom;  the  waft  n  being  common  to 
both  truck-wheel  axles. 

Fig.  472  is  the  plan  of  a  winding-machine,  placed  at  the  top  of  the  spin- 
ning-ground, containing  twelve  reels,  corresponding  with  the  number  of 
spin(Ues  in  each  spinning-machine. 

Fig.  473  is  a  plan  of  a  similar  winding-machine,  placed  at  the  bottom  of 
the  ^und,  containing  the  same  number  of  reels.  Both  these  winding- 
machines  are  mounted  so  high  above  the  g^round  as  to  allow  the  yam  wind- 
ing on  them  to  pass  over  head,  that  the  spinners  may  have  room  to  move 
underneath.  In  the  eng^ving  they  are  placed  rather  nearer  the  spinning, 
machines  than  th^  ought  to  be,  firom  want  of  room  in  the  plate.  When 
all  the  spindles  of  the  two  spinning-machines  are  employed,  one  half  in 
spinning  and  the  other  half  in  following  up  the  yams  to  the  winding, 
machine,  as  has  already  been  described,  all  the  reels  of  both  winding- 
machines  are  of  course  at  the  same  time  fVdly  employed  in  winding  up. 

7ig.  474,  at  one  end  of  the  g^und,  shows  a  side  view  of  the  reels,  placed 
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on  their  spindles,  a  description  of  which  is  unnecessary,  as  the  moyements 
and  construction  of  such  machines  are  well  known  and  understood.  In  the 
figure  they  are  represented  as  only  winding  one  yam  on  each  reel,  in  order 
to  explain  the  improved  or  patent  method  of  rope-making;  but  more  than 
one  yam  may  be  wound  on  any  one  of  these,  or  any  other  kind  of  reel  that 
may  be  used  in  my  method  of  spinning,  for  the  conyenience  of  the  common 
method  of  rope-making,  or  for  other  purposes.  It  is  neither  convenient, 
nor  necessary,  that  the  endless  rope  should  cease  motion,  when  the  spin- 
ning-machines have  arrived  and  stmck  themselves  out  of  geer  at  the  top 
and  bottom  of  the  ground;  consequently  we  will  suppose,  that  the  endless 
rope  is  in  motion,  and  all  the  other  parts  of  the  machinery  at  rest,  except- 
ing the  two  shafts  e  and  d^  and  their  respective  catch-boxes.  The  catch- 
boxes  of  each  shaft  in  both  machinies  are  in  the  position  of  15  and  16,  as 
seen  in  fig.  471.  Each  spinner  in  the  two  Q|^osite  companies  having  now 
attached  tJie  hemp  to  the  spindles,  nothing  remains  to  be  done  but  to  raise 
by  hand  the  lever  17,  fig.  471,  (which  in  the  engraving  appears  to  be  already 
done,)  and  the  corresponding  lever  in  the  opposite  machine {  which  will 
cause  the  spinning  and  winding  to  proceed  in  the  manner  already  described. 

When  the  machines  stop,  each  spinner  splices  his  thread,  and  throws  it 
on  the  nearest  guide  x,  to  keep  it  out  of  the  way,  and  to  conduct  it  to  the 
winding-machine.  The  grooved  sheeves  a  and  o,  on  the  top  of  the  shafts 
e  and  i  to  which  the-  endless  rope  g^ves  the  first  motion,  may  be  changed 
when  required  for  sheeves  of  a  larger  or  smaller  diameter,  for  the  purpose 
of  dimimshing  or  increasing  all  &e  motions  in  a  proportionate  degfree. 
For  the  same  purpose  the  wheel  or  sheeve,  which  g^ves  motion  to  the 
endless  rope,  may  also  have  grooves  of  different  diameters.  The  sheeves 
that  may  be  changed  for  increasing  or  diminishing  the  twisting  motions, 
are  the  four  sheeves  /  r  for  one  end  of  the  machine,  and  v  s  for  the  other, 
as  seen  in  fig.  471*  In  order  to  obtain  more  or  less  travelline  motion,  the 
belts  may  be  made  to  run  either  on  the  sheeves  1  and  9,  and  6  and  10,  or 
on  3  and  8  and  5  ahd  11,  or  on  3  and  7  and  4  and  12,  as  seen  in  fig.  469. 

Fig.  475,  (within  which  are  figfs.  476,  477,  478,  and  479,)  represents  an 
end  view  of  a  rope-^und  buildmg,  set  down  as  eighteen  feet  wide  inside. 
It  is  merely  divided  into  portions,  to  show  some  different  modes  of  diversify- 
ing spinning-machines  upon  this  principle,  the  different  situations  in  which 
they  may  work,  and  the  proportion  of  room  they  may  occupy  according  to 
the  number  of  spindles. 

Figs.  478  and  479  show  end  views  of  two  forms  of  spinning-machines, 
different  from  each  other,  and  from  the  one  already  descnbedi  but  all  upon 
the  same  principle.  The  machine  in  fig.  478  is  represented  as  moving  on  a 
railway  M  M,  undemeath  the  beam  L,  having  spindles  both  above  and  be- 
low. The  parts  shown  in  the  figure  are  as  follows:  N  N  two  of  the  track- 
wheels.  O  P  the  endless  rope  sheeves.  Q  one  of  the  rollers  for  turning  the 
spindles.  R  a  sheeve  on  the  end  of  the  roller,  answering  the  same  purpose 
as  t  and  v  in  fig.  471.  W  part  of  a  sheeve  on  the  track-wheel  axle,  answer- 
ing the  same  purpose  as  one  of  ihoae  on  the  axles  o  and  p  in  figs.  469  and 
470.  The  carriers,  the  whirls,  the  spindles,  and  their  bands,  in  this  machine 
are  the  same  as  in  the  spinning-machine  already  described;  and  their  situa- 
tions are  so  obvious,  as  not  to  require  particular  characters  of  reference. 
Such  part  of  the  figure  as  consists  of  framing  will  be  obvious.  One  side  of 
the  railway  is  fixed  to  the  post  K;  the  other  side  is  fixed  and  rests  upon 
the  iron  fixture  S,  hanging  from  the  beam  L,  which  also  serves  the  same 

{>urpose  for  the  adjoining  ndlway.  X  one  of  the  g^de  pullies  for  the  end- 
ess  rope.  T  a  rail,  (which  may  occasionally  be  remov^ )  laid  across,  and 
answering  the  purpose  of  both  railways,  from  post  Y  to  K,  having  upright 
pins  at  proper  distances,  for  the  purpose  of  bearing  and  keeping  separate 
the  yarns  of  the  lower  spindles.    The  hooks  fixed  to  the  under  side  of  the 
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beam  L  are  to  mnswer  the  aame  purpose  for  tlie  yams  of  the  upper  spindles. 
In  order  to  lay  the  yams  upon  these  hooks,  a  separate  guide  upon  each 
spindle  is  fixed  upright  in  a  slender  rail,  fastened  to,  and  projecdng  two  or 
three  feet  from,  and  parallel  with,  each  end  of  the  machine.  The  shape  of 
these  guides  is  the  same  as  the  hooks  in  the  beam,  with  this  exception,  that 
each  one  has  an  eye  at  the  point,  to  conrey  the  yams  in  a  slanting  directioB 
from  the  spindles,  and  to  lay  them  upon  their  respective  hooks  in  the  beam 
when  ginning,  and  also  to  Hft  them  off  when  winding  up.  The  manner  in 
which  &e  guides  pass  between  the  hooks  may  be  seen  in  fig.  477,  where  a 
represents  the  prelecting  rail;  b^  the  guides,  two  only  of  which  are  marked; 
it  must  here  be  understood,  that  the  spindles  are  not  opposite  ^e  eyes  of 
their  respective  guides,  but  exactly  opponte  the  upright  part  of  them,  and 
on  a  level  with  the  eyes.  There  are  many  other  ways  by  which  Ae  hooking 
up  of  the  yams  may  be  effected,  but  the  metiiod  just  described  b  conceived 
to  be  the  most  simple .  The  space  between  the  post  V  and  the  iron  fixture 
8,  is  the  room  to  be  occupied  by  the  other  spinning-machine. 

The  spinning-machine,  fig.  479,  is  represented  as  moving  on  a  railway, 
laid  upon  the  beam  L.  It  will  be  seen  that  this  machine  is  nothmg  mote 
than  the  lower  part  of  the  one  last  dsscribed,  having  no  spindles  on  the 
upper  part  The  guide  pins  are  in  this  method  mten  into  the  beam. 
The  empty  space  to  the  right  of  this  machine  is  the  room  to  be  occupied 
by  its  fellow.  The  letters  of  reference  used  in  ^g.  10,  and  its  apprate- 
nances,  apply  to  the  same  parts  whenever  they  are  used  in  fig.  479,  and  its 
appurtenances.  Though  these  machines,  (the  end  views  of  which  are 
shown  in  figs.  473  and  479,)  are  different  from  each  other  in  form  and 
arrangement  of  machinery,  and  also  frx>m  the  form  and  arrangement  of  the 
one  shown  in  figs.  469,  470,  and  471,  yet  the«ame  principle  of  the  travel* 
ling  and  twisting  motions  is  applicable  to  all,  and  therefore  it  is  unneces- 
sary to  enter  into  further  explanations  rejecting  them. 

Fig.  480  shows  the  method  of  g^ivinff  the  after-twist.  As  the  apparatus 
for  this  purpose  is  to  be  applied  to  each  of  the  endless  tope  shafts  m  eadi 
machine,  a  description  of  Uie  apparatus  as  belonging  to  one  of  them  may 
be  sufficient  Tms  figure  is  a  side  view  of  the  apparatus,  and  is  repre- 
sented as  applied  to  the  shaft  d^  in  ^g.  471  i  the  same  characters  of  roer- 
ence  there  used  being  retained  in  the  present  figure,  where  they  denote 
the  same  parts.  The  apparatus  for  the  after-twist  is  merely  an  addition, 
which  on  the  lower  part  of  the  figure  consists  of  a  catdi  on  the  under  side 
of  the  sheeve  «,  a  corresponding  catch  and  catch-box  25,  carried  round  by 
^e  shaft,  and  the  lever  or  swin^r  36  to  act  on  the  catch-box.  The  rod 
23  is  lengthened,  to  connect  this  swinger  with  the  other  twa  On  the 
upper  part  of  the  figure  is  the  remainder  of  the  apparatus,  connsting  of  a 
catch  on  the  upper  side  of  the  catch-box  13 1  die  worm  on  a  loose  round 
on  the  shaft  27,  with  a  catch  on  the  under  side,  to  operate  with  its  cor- 
responding catch  on  the  catch- box  13;  the  screw-wheel  28  to  act  in  the 
wonuf  the  arm  29,  on  a  loose  round  on  the  axis  of  the  screw-wheel,  con- 
fined near  the  circumference  of  the  wheel  by  the  staple  30,  but  having 
play  the  width  of  the  staple,  the  end  of  the  arm  farthest  firom  the  axis  be- 
ing intended  to  act  on,  and  press  down,  the  swinger  19{  and  the  spring  31, 
fixed  on  the  wheel,  which  presses  against  the  back  of  the  arm. 

The  whole  of  the  machinery  in  the  figure  is  represented  out  of  tiie  geer, 
and  is  in  the  position  as  when  ready  to  set  off  firom  one  end  of  the  spinning 
ground,  to  follow  the  yams  to  the  winding<machine.  In  that  pontion  it 
continues  until  it  has  arrived  at  the  winding.machine,  and  the  yams  are 
disengaged  from  the  spindles  when  the  main  lever  17  is  lifted  up  by  hand 
into  the  catch  24,  for  the  purpose  of  putting  the  spinning  and  travelling  mo- 
tions into  geer,  as  formerly  oeseribed.  By  the  nusing  up  of  this  lever  the 
swinger  19  is  pulled  down,  and  die  arm  29  is  thus  disengaged;  which  hav- 
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lag  phf  wkhm  the  itsple,  8wui|^  forward  bjr  iti  oim  weight,  dear  of  the 
swinger,  which  is  hollowed  or  bent  at  that  place  for  the  purpoae.  The  ob- 
ject of  this  is,  that  the  arm  may  not  be  in  the  way  of  the  swinger  19  the 
next  time  it  goes  into  g^ear  with  the  worm.  When  the  machine  has  returned 
to  the  other  end  of  the  ground,  and  theyamsconsequently  are  spunto  their 
iiiU  length,  the  catch  24,  on  which  the  main  lever  rests,  is  thrown  back  by 
the  machine  going  against  a  fixture  in  the  ground,  as  has  been  before  men^ 
tioned,  and  Uie  lever,  (being  sufficiently  weighted  at  the  handle  end,) 
drops  down,  by  which  means  the  travelling  motion  is  stopped.  The  twist- 
ing motion  would  also  be  stopped,  were  it  not,  (ss  will  be  seen  firom  the 
figure, )  that  though  the  catch-box  14  is  thrown  out  of  geer  with  the  sheeve 
«  on  the  upper  side,  the  catch  box  25  will  be  at  the  same  instant,  and  by  the 
same  movement,  thrown  intogeer  with  it  on  the  under  side,  so  that  the 
twisting  motion  continues.  l%e  under  side  of  the  catch-box  13,  being 
thrown  out  of  geer  with  the  pinion  A,  (which  stops  the  travelling  motion,) 
the  upper  side  of  it  will  be  at  the  same  instant,  and  by  the  same  movement, 
thrown  into  geer  with  the  worm  27,  which  consequently  gives  motion  to  the 
screw-wheel  28;  the  arm  29,  (which  it  will  be  recollected  is  then  hanging 
down,)  is  also  carried  round  with  the  wheel;  and  when  it  comes  in  contact, 
having  nearly  made  one  revolution  with  the  smnger  19,  it  forces  it  down, 
and  by  this  means  puts  the  catch-box  25,  as  well  as  its  own,  out  of  geer,  and 
causes  the  whole  of  the  machinery  to  stop.  The  use  of  the  spring  31,  press- 
ing against  the  back  of  the  arm,  is  to  cause  it  to  force,  as  soon  as  the  catdies 
13  and  25  are  out  of  geer,  the  swinger  19  a  little  fbrther  down,  which  it  will 
then  be  enabled  to  do,  in  consequence  of  the  resistance  against  it  being  de- 
creased; the  object  of  this  is  to  prevent  any  jarring  of  the  catches  when  in 
that  ntnation.  The  spring  is  prevented  forcing  too  fiu*  by  a  stop.  Another 
method  of  forcing  the  swinger  tbnn  much  farther  down  may  be  adopted,  by 
fixing  a  pin  or  fiug  to  project  from  the  fimnin^f  of  the  machine,  so  as  the 
end  of  the  spring  above  mentioned  may  come  m  contact  with  it  a  little  be- 
fore the  time  when  the  arm  begins  to  force  down  the  swinger,  in  order  that 
the  arm  may  be  relieved  from  the  pressure  of  the  spring  until  the  arm  has 
forced  the  swinj^r  down  nearly  to  the  point  of  sending  the  catches  out  of 
geer,  at  which  tmie  the  end  of  Uie  spring,  having  got  free  of  the  pin,  comes 
with  a  sudden  blow  against  the  back  of  the  arm,  and  thus  sends  down  the 
catches  clear  of  those  with  which  they  were  in  g^er;  the  spring  in  this  case 
also  is  prevented  from  forcing  too  far  by  means  of  a  stop.  The  time  the 
screw-wheel  is  in  going  round  is  the  time  allowed  for  the  after-twist:  but 
should  one  wheel  not  allow  sufficient  time  for  the  purpose,  the  motion  may 
be  &rther  decreased,  by  any  usual  and  well-known  means,  and  change 
wheels  may  be  applied  to  suit  the  different  kinds  of  yam. 

la  tempering  the  strands  of  all  kinds  of  cordage,  whether 
shroud,  hawser,  or  cable-laid,  it  is  well  known  that  from 
various  causes  an  inequality  of  tension  between  the  different 
strands  intended  for  the  same  rope  takes  place,  and  is  most 
commonly  apparent  during  or  after  the  operation  of  harden- 
ing, some  of  the  strands  becoming  too  slack,  others  too  tiffht, 
and  consequently  of  unequal  lengths,  though  originally  they 
may  have  been  of  equal  length,  and  have  received  the  same 
twisting  or  number  of  turns  by  machinery  of  the  most  im- 
proved and  perfect  construction.  In  cases,  therefore,  where 
this  inequality  appears,  the  strands  require  to  be  rectified,  by 
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being  brought  to  an  equal  degree  of  tension,  in  order  that  each 
may  bear  its  equal  portion  of  strain  in  the  rope  when  made. 
The  operation  for  effecting  this  object  is  commonly  called 
tempering  the  strands ;  and  the  method  in  general  practice  is 
to  give  more  twist  to  a  slack  strand,  or  to  take  twist  out  of  a 
tight  one,  or  to  do  both.  In  some  rope-grounds  where  the 
machinery  is  driven  by  steam,  or  other  considerable  power, 
the  method  adopted  is  to  give  more  twist  to  the  slack  strandfi, 
which  is  done  by  stopping  the  twisting  of  the  tightest  strand, 
by  throwing  its  hook  out  of  geer,  and  to  keep  it  waiting  in 
that  position  until  the  slack  strands  have  twisted  up  to  the 
same  tension. 

These  methods  in  most  cases  are  defective  ;  because  the 
strand  to  which  more  twist  is  given  is  thereby  rendered  less 
pliable,  and  is  of  smaller  circumference;  consequently  it  can- 
not top  or  lay  up  in  the  rope  evenly  and  regularly  with  the 
other  strands  which  have  less  twist ;  for  the  harder  twisted 
one  will  in  the  rope  sink  inwards,  and  the  others  stand  out- 
wards and  form  more  of  a  spiral  round  the  harder  twisted  one, 
which  will  thereby  have  more  than  its  proportionate  strain 
in  the  rope  to  bear,  and  will  also  be  least  enabled,  when 
under  a  strain,  to  stretch  up,  so  as  to  avail  itself  of  the  as- 
sistance of  the  other,  and  by  consequence  must  be  the  first 
to  break.     Should  the  inequality  of  tension  be  occasioned  by 
any  original  inequality  of  thickness  in  the  strands,  the  smallest 
one  will,  during  the  process  of  hardening,  become  the  slack- 
est, and  in  tempering  by  twisting  it  up  to  the  tension  of  the 
tightest,  the  inequality  of  size  will  by  that  means  be  increased  ; 
for  the  more  it  is  twisted,  the  still  smaller  in  circumference, 
as  well  as  shorter  in  length,  will  it  become.    But,  supposing 
all  the  strands  were  originally  of  equal  thickness,  and  that  the 
inequality  in  tension  proceeded  entirely  from  an  error  in  the 
original  lengths  ;  it  is  plain,  that,  by  tempering  according  to 
the  methods  in  question,  (and  no  other  methods,  after  the 
strands  are  fixed  on  the  hooks,  and  the  work  has  commenced, 
can,  by  any  machinery  hitherto  in  use,  conveniently  be  adopt- 
ed,) the  same  defective  principle  still  applies,  which,  by  caus- 
ing one  strand  to  be  harder  twisted,  and  consequently  to  be- 
come of  a  smaller  size,  and  another  to  be  softer  twisted,  and 
to  become  of  a  larger  size,  prevents  the  whole  from  jointly 
forming  a  regular  and  perfect  rope,  and  to  stretch  equally 
when  under  a  strain,  as  already  described. 

As  a  more  convenient,  accurate,  and  certain  method,  than 
any  hitherto  practised,  appeared  to  be  necessary,  Mr  Daa- 
can  invented  and  adopted  a  new  mode  of  tempering  the 
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strands  of  all  kinds  of  cordage,  whether  shroud,  hawser,  or 
cable-laid  :  the  nature  and  general  principle  of  which  is,  to 
cause  any  one  strand-hook  of  the  foreboard,  or  foreboard -ma- 
chine, when  the  strand  attached  to  it  requires  to  be  tightened, 
to  recede  from  its  corresponding  opposite  hook  of  the  sledge 
or  stranding-machine,  to  which  the  other  end  of  the  strand  is 
attached  ;  or  when  it  requires  to  be  slackened,  to  cause  it  to 
advance  towards  its  corresponding  opposite  hook,  thus  bring- 
ing all  the  strands  to  an  equal  tension,  without  one  strand- 
hook  making  more  revolutions  than  another.    And,  what  is 
of  essential  importance  to  this  invention,  the  operation ,  may 
be  performed  leisurely,  as  occasion  may  appear  to  require, 
either  before,  during,  or  after  hardening  the  strands,  without 
stopping  the  twisting,  or  other  motions,  or  occasioning  any 
interruption  to  them  whatever ;  and  with  more  ease,  minute 
accuracy,  and  useful  effect,  than  by  any  other  method  yet 
practised  for  the  purpose. 

In  order  more  particularly  to  exemplify  and  illustrate  this 
part  of  the  invention,  we  have  annexed  engravings  of  the 
machinery  which  Mr  Duncan  has  contrived  and  adapted  for 
the  purpose. 

In  6g.  481,  ABC  represent  the  upper  part  of  the  framing  in  wluch  the 
machinery,  placed  at  the  foreboard,  is  fixed)  C  being  the  front  of  it,  facing 
or  looking  down  the  rope-walk.  D  is  a  toothed  wheel,  receiving  motion 
from  any  external  machinery.  This  wheel  drives  the  other  toothed  wheel  E, 
and  either  of  them  can  be  changed  to  suit  the  speed  of  the  motion  required. 
The  toothed  wheel  E  is  fixed  upon  the  axis  of,  and  nves  motion  to,  the 
toothed  wheel  or  fluted  cylinder  F,  which  cylinder  drives  the  four  pinions 
1,  3,  3, 4,  whose  axles,  to  the  hooks  of  which  the  rope  strands  are  attached 
when  twisting  and  tempering,  are  the  four  strand-hook  spindles  a^  h^c^  d. 
To  answer  the  purpose  of  the  invention,  the  strand-hook  spindles,  besides 
having  the  rotative  or  twisting  motion  which  we  have  already  described, 
are  so  contrived,  for  the  tempering  of  the  strands,  that  any  one  or  more  of 
them  may,  while  the  twisting  motion  is  or  is  not  going  on,  be  made  to 
slide,  in  a  horizontal  direction,  parallel  with  the  axle  of  the  cylinder  F, 
along  any  part  of  its  length,  either  backward  or  forward,  as  shall  now  be 
explained.  The  strand-hook  spindles  having  to  slide,  as  has  been  said,  in 
a  direction  parallel  to  the  axis  of  the  cylinder,  are  of  course  placed  in  that 
direction,  and  so  as  their  pinions  may  pass  each  other.  The  positions  of 
these  pinions  round  the  cylinder  are  seen  in  fig.  483,  which  represents  a 
front  view  of  the  machinery;  the  same  references  in  each  figure  being  used 
to  denote  the  same  part  As  all  the  four  strand-hook  spindles,  with  their 
accompaniments  and  immediate  connections,  are  precisely  the  same,  a 
description  of  one  will  be  sufficient;  we  will  therefore  take  the  spindle  6, 
in  fig.  481.  G  H  is  a  long  or  male  screw,  a  few  inches  longer  than  the 
cylinder,  upon  which  is  fitted  the  nut  or  female  screw,  f,  having  spokes  or 
arms,  to  admit  of  it  being  turned  by  hand.  Joined  fast  to  this  long  screw 
is  a  head-piece  or  claw  /,  within  which  a  carrier  or  step  is  fitted,  and  in 
which  the  adjoining  end  of  the  strand-hook  spindle  revolves.  Two  collars, 
g  and  A,  fitted  on  the  spindle,  one  on  each  side  the  step,  cause  the  spindle 
to  accompany  the  long  screw,  either  backward  or  forward,  when  moved  by 
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tvmijijr  the  QUt  e,  tke  rotntiye  motioii  of  the  spindle  going  on  at  the  mne 
time  if  reaoired;  t  and  k  are  two  steps  or  guides,  fixed  on  the  cross  fram* 
ing  B  and  C,  through  which  the  spindle  may  pass  and  repass,  and  in 
wmch  it  also  revolves;  /  is  a  carrier  of  the  same  description,  fixed  on  the 
crosaftaming  A,  Uirough  whidt  the  long  screw  may  pass  and  repAM»  bat 
without  revolving.  Fast  upon,  and  projecting  from  the  head^piece  /,  and 
consequently  accompanying  the  long  screw  and  spindle  in  the  diding  move- 
ment, (see  the  side  view,  ng,  483,)  is  the  tongue  m,  the  end  or  point  of 
which  is  fitted  to  pass  along  during  that  movement  in  a  slot  in  the  rail  u, 
fixed  parallel  with  the  long  screw  and  ^indlci  between  tlM  two  croaa  bear- 
ers A  and  B. 

The  object  of  this  contrivance  is  to  prevent  the  spindle, 
(one  end  of  which,  as  has  been  shown,  revolves  withio  the 
head-piece  of  the  lone  screw,)  from  carrying  round  the  screw 
along  with  it,  and  to  Keep  the  screw  and  its  head-piece  at  all 
times  steady,  and  in  a  direct  line  with  the  spindle.    For  the 
purpose  of  keeping  the  long  screw  stationary  in  the  situation 
to  which  it  may  have  been  last  set,  the  pull  of  the  strand  oo  the 
hook,  (by  pressing  and  abutting  the  screw-nut  e  against  the 
back  of  the  carrier  Z,)  will  always  be  found  to  be  sufficient. 
The  diameter  of  the  cylinder  F  may  be  about  two  feet,  and 
that  of  each  of  the  four  pinions  1,2,  3, 4,  about  one  foot, 
more  or  less,  according  to  the  speed  desired,  and  the  discre- 
tion of  the  mechanic.    The  pitch  of  their  teeth  should  be  the 
same  as  that  of  the  teeth  of  the  cylinder.    The  lensth  of  the 
cylinder  should  at  least  be  equal  to  the  greatest  difference  or 
inequality  of  length  ever  likely  to  take  place  between  the 
slackest  strand  and  the  tightest  strand  intended  for  the  same 
rope,  previous  to«  or  during,  the  operation  of  hardening,  when 
they  are  both  brought  to  an  equal  tension  by  tempering 
according  to  this  method.    The  inequality  of  length,  or,  in 
other  words,  of  tension,  which  takes  place  in  the  strands 
during  the  process  of  hardening  them,  is  generally  found  to  be 
in  proportion  to  their  circumference,  and  is  more  in  a  set  of 
the  large  strands  than  in  the  small.    In  rope-walks,  therefore, 
where  cordage  of  the  largest  size  is  manufactured  for  the  use 
of  his  Majesty's  navy,  the  length  of  this  cylinder  should  not 
be  less  than  four  feet ;  but  Mr  Duncan  has  found,  by  expe- 
rience, in  manufacturing  cordage  for  merchantmen  of  thr 
greatest  burthen,  that  few  cases  occurred  where  it  was  requi- 
site for  the  length  to  be  more  than  three  feet.     In  rope-walks 
where  cordage  on  the  common  principle  is  manufactured,  some 
additional  length  is  necessary.     Each  of  the  four  pinions  is 
fastened  upon  the  middle  of  the  length  of  its  strand-hook 
spindle.   Supposing,  therefore,  that  the  pinion  2  should  be  set 
so  as  to  be  exactly  at  one  end  of  the  cylinder  next  to  the  cross 
framing  B,  it  must  be  enabled  to  slide  along  to  the  opposite 
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end  next  the  croes  framing  C,  and  also  back  again  to  B ;  for 
this  purpose  the  spindle  must  always  be  kept  in  its  steps  or 
carriers,  i  and  &,  which  support  it,  and  in  which  it  botjb  slides 
and  revolves,  and  therefore  it  requires  to  be  double  tfae.length 
ofthecylinder,  besides  an  additional  length  equal  to  the  spaces 
in  its  passage  occupied  by  the  necessary  steps,  framing,  clear- 
ances, &c.  The  length  of  the  long  screw  G  H,  and  of  the  rail 
n,  are  each  the  length  of  the  cylinder,  and  correspond  with, 
or  are  a  few  inches  longer  than  the  sliding  distance,  ta  allow 
for  steps,  &c.  as  above.  It  has  been  shown,  that  the  cyltndet 
drives  the  four  strand-hook  spindles,  and  that  any  one  of  them 
can  be  moved  by  means  of  its  screw,  either  backward  or  for- 
ward, without  iuterrupting  its  own  rotatory  motion,  or  the  ro- 
tatory motion  of  any  of  the  others ;  the  teeth  of  the  pinions 
being  for  this  purpose  kept  in  geer  with,  while  at  the  same 
time  they  are  made  to  slide  along  between,  the  teeth,  or  in 
the  flutings  of  the  cylinder. 

Suppose,  then,  that  the  strands  are  attached  to  their  respec- 
tive hooks,  and  the  pinions  set  so  as  to  be  all  at  an  equal  dis- 
tance from  each  end  of  the  cylinder,  and  alt  the  strand-hook 
spindles  going  round,  twisting  and  hardening  the  strands,  the 
operation  of  tempering  is  performed  merely  by  turning  round 
hy  hand,  as  often  as  required,  any  one  or  more  of  ^e  screw- 
nuts  either  way  about,  as  the  case  or  cases  may  require,  ac- 
cording as  any  one  or  more  of  the  strands  require  slackening 
or  tightening  for  bringing  them  all  to  an  eq^al  tension. 
Thus,  in  order  to  slacken  m  tight  strand,  iiM  hook  must  be 
advanced  forward  further  from  the  front  of  the  framing  C ; 
aa4  in  order  to  tighten  a  slack  strand,  jts  hook  must  be 
drawn  in,  towards  the  framing. 

Fig.  484  is  a  dAt  riev,  repvesenting'  some  vamtioii  in  tlie  dwohinezy  for 
effbctingf  tbe  sliding'  movement  4»f  the  gtrand-hook  epindles  on  the  same 
principle,  and  answerine  the  same  purposes,  as  the  plan  in  %.  481»  already 
described.  After  the  full  descriptions  and  ezpli^piations  abeady  ^ven,  a 
▼ery  short  account -will  be  sufHclent  io  fnalce  thisfuUy  nndentood:  Ms  a 
strand-hook  spindlfw  similar  to  Hiose  ia  iig.  4&1,  excepting  that  the  piinon 
2  is  not  made  fast  upon  it,  because  it  haa  to  jmss  or  slide  through  the  axle 
hole  of  the  pinion.  In  order  that  the  spindle  may  at  the  same  time  re- 
Tolye  with  the  pinion,  4iie  dot  10  is  cut  upon  one  side  of  the  spindle^ 
(the  length  of  the  slot  being  the  sti^ng  diAa&ee,)  whhsh  slot  receives  a 
feather  or  ke^  in  the  axle  lK>le  of  the  pink>n«  throq|^  which  the  slotted 
part  of  the  spindle  is  to  pass  and  repass,  as  occasion  may  require^  the  feather 
always  remaming  in  the  slot  to  carry  round  and  give  the  rotatory  or  twist- 
ing motion  to  the  spindle.  The  parts  /,  g,  and  h  are  exactiy  the  same  as 
the  parts  which  have  the  same  characters  in  fig.  481.  I  is  a  rack,  (to 
answer  the  same  purpose  as  the  long  screw  in  fig.  481,)  which  the  pinion 
o,  by  means  of  the  handle  /?,  moves  either  backward  or  forward.  The 
ratchet-wheel,  y,  and  its  catch,  hold  the  rack  and  pinion  stationary  in  the 
•itua^n  to  which  they  may  be  set;  t  i  and  k  are  the  steps  in  whieh  the 
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spindle  reYoWea,  and  through  which  it  also  Blidesi  r  r  are  two  rings  or 
washers,  loose  upon  the  spindle,  between  the  steps  1 1  and  the  pinion  % 
intended  to  qualify  the  friction  during  both  the  sliding  and  the  rotatory 
operation  of  the  spindle;  9  is  a  guide  or  step  for  the  rack  to  slide  in,  made 
square  at  the  bottom,  which  renders  the  tongue  and  slot,  shown  in  fig.  463, 
unnecessary.  The  wheel  K,  receiving  motion  from  any  external  machinery, 
drives  the  pinion  2.  Change  wheels,  for  varying  the  motion,  may.  he  ap- 
pFied  to  this  method  in' the  same  way  as  in  fig.  481. 

From  what  has  already  been  described,  it  will  appear,  that 
the  strand-hook  spindle  may,  by  means  of  the  rack  I  and 
pinidn  o,  be  drawn  or  slided  either  backward  or  forward, 
through  its  pinion  2,  without  interrupting  its  rotatory  motion ; 
the  pinion  2  always  keeping  in  geer  with  the  wheel  K,  by 
,  which  it  is  driven,  and  which  latter  may  receive  its  motioo 
from  any  external  machinery.  Referring,  therefore,  to  the 
former  description,  it  will  be  evident,  without  further  expla- 
nation, by  what  means  the  stands  are  to  be  tempered  by  this 
variation  in  the  machinery. 

The  reader  will  observe  that  there  are  two  principles  by 
which  the  strands  of  cordage  may  be  tempered  or  brought  to 
an  equal  tension ;  the  one  by  causing  any  one  or  more  of  the 
strand-hook  spindles  either  to  advance  or  recede,  whereby  an 
equal  tension  will  be  effected  without  one  spindle  making  more 
revolutions  than  another  ;  and  the  other,  that  of  causing  any 
one  or  more  of  the  strand-hook  spindles  to  be  at  rest  while 
the  others  are  revolving  ;  whereby  an  equal  tension  may  be 
effected  by  an  unequal  number  of  revolutions.  If  one  of 
these  two  principles  only  is  to  be  adopted,  Mr  Duncan  pre- 
fers the  former,  as  being  generally  more  appropriate  and 
effectual.  As,  however,  it  sometimes  occurs  in  practice, 
that  the  application  of  the  one  principle,  sometimes  of  the 
other,  and  sometimes  of  botbj  proves  to  be  the  most  proper 
and  effectual  remedy,  Mr  Duncan  has  invented  a  still  more 
perfect  method,  by  which  either  or  both  of  the  principles 
may  be  practically  applied  in  one  set  of  machinery.  This 
object,  which  had  never,  we  believe,  been  before  accom- 
plished, is  effected  merely  by  applying  to  either  of  the  two 
varieties  of  machinery  before  described,  an  additional  appa- 
ratus, so  that  all  kinds  of  cordage-strands  may  thereby  be 
tempered,  either  entirely,  by  the  principle  of  causing  any 
one  or  more  of  the  strand-hook  spindles  to  advance  or 
recede ;  or  entirely,  by  causing  any  one  or  more  of  the 
strand-book  spindles  to  be  at  rest  while  the  others  are 
revolving;  or  partly  by  the  one  and  partly  by  the  other, 
according  as  the  original  cause  occasioning  the  inequality  of 
tension  in  the  different  strands  may  point  out ;  the  whole,  or 
any  part,  of  the  operations  going  on,  either  together  or  sepa- 
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rately,  as  may  be  found  convenient,  without  interruption  to 
each  other. 

Fig.  485  is  a  plan  showing  the  additional  machinery  for  tempering,  by 
combining  the  two  principles  as  adapted  for  the  first  described  machinery^ 
represented  in  fig.  481.  The  diiference  between  the  machinery  of  fig.  481, 
and  that  of  fig.  485,  consists  chiefly  in  the  latter  having  its  pinion  2  loose 
upon  the  twisting  spindle  bf  but  confined  between  two  collars,  which  are 
last  upon  the  spindle.  The  reason  of  the  pinion  running  on  a  loose  round 
is,  that  it  may  be  either  put  in  or  out  of  geer  with  the  spmdle,  by  means  of 
the  catch-box  t  and  lever  u.  The  catch-box  has  a  slot,  fitting  a  feather  on 
the  spindle,  in  order  that  it  may  revolve  with  it,  as  well  as  slide  in  or  out 
of  geer,  when  moved  by  the  lever.  The  ratchet-wheels  v  and  t^  are  fast 
upon  the  spindle,  one  having  teeth  cut  the  reverse  of  the  other,  that  either 
of  the  two  palls  x  and  y  may,  when  the  spindle  is  thrown  out  of  geer  with 
the  pinion,  prevent  the  strands  from  untwisting,  as  otherwise  the  spindle 
would  be  at  liberty  to  be  acted  upon  by  the  force  of  twist  already  m  tlie 
strand.  The  pall  y  is  flat  toward  the  point  for  holding  against  the  ratchet- 
wheel  wiorn.  right-hand  twist,  and  the  pall  x  is  hooked  towards  its  point 
for  holding  the  wheel  v  for  a  left-hand  twist.  So  far,  this  apparatus  would 
serve  the  purpose  either  of  keepings  in  geer,  or  stopping  the  rotatory  motion 
of  the  spindle,  provided  it  were  not  also  required  to  perform  the  sliding 
movement  in  order,  therefore,  to  complete  the  apparatus  for  both  these 
purposes,  the  arm  z,  fastened  to  the  claw  or  head  piece  f,  and  forming  one 
piece  wiUi  the  long  screw  G  H,  stretches  alongside,  pandlel  with  the  spindle, 
BO  jthat  its  other  end  is  nearly  opposite  to  the  pinion,  where  it  b  furnished 
with  two  ears,  having  each  an  eye  or  ring,  7  and  7,  fitting  easy  upon  the 
round  iron  rod  8;  which  rod  is  fixed  parallel  with  the  spindle,  between  the 
cross  framing  B  and  C.  The  step  9,  on  the  cross  framing  B,  serves  as  a 
guide  for  the  arm  z.  It  is  necess»uy  that  the  distance  between  B  and  C 
should  be  as  much  longer  than  the  distance  in  fig.  481,  as  the  length  taken 
up  or  occupied  by  the  catch-box  and  ratchet-wheels.  The  spindle  also  will 
require  this  additional  length.  The  arm  z,  during  the  sliding  movement, 
has  to  conduct  with  it,  along  the  rod  8,  the  lever  u,  and  the  two  ratchet 
palls  X  and  y,  the  rod  serving  them  also  as  a  g^ide  during  the  sliding  move- 
ment, and  at  all  times  as  an  axle.  Though  the  pinion  2  is  always  in  geer 
with,  and  carried  round  by,  the  cylinder  F,  fig.  481,  yet  the  spindle  only 
g^es  round  when  put  in  geer  with  the  catch-box  by  the  lever;  therefore  the 
rotatory  motion  of  the  spindle  may  at  any  time,  and  for  any  space  of  time, 
be  stopped,  for  the  purpose  of  causing  the  twist  of  its  strand  to  oease,  while 
at  the  same  time  the  other  strands  are  twisting  up.  Though  only  one  spin- 
dle is  here  spoken  o^  it  is  evident  that  all  or  any  of  them  may,  from  being 
furnished  with  the  apparatus  now  described,  be  made  either  to  give,  or 
cease  firom  giving  twist,  while  any  one  or  more  of  the  spindles  either  may 
or  may  not,  as  recj^uired,  be  performing  tiie  aliding  movement. 

Fig.  486  is  a  side  view,  showing  tne  method  adapted  for  the  second, 
described  machinery,  as  represented  in  fig.  484,  the  apparatus  in  this  case 
applying  to  the  narrow  wheel,  and  that  in  the  former  case  of  fig.  485,  apply- 
ing to  the  wide  wheel  or  cylinder  F.  The  difference  between  the  one  and 
the  other  is,  that  the  spindle  and  pinion  in  fig.  485  slide  together,  as  in 
fig.  481,  whereas  in  the  figure  now  to  be  described  the  spindle  uides  through 
the  pinion,  as  in  fig.  484.  The  spindle  b  in  this  figure  is  similar  to  that  m 
fig.  484,  having  a  slot,  to  receive  a  feather,  which  is  fixed  in  the  catch-box  /. 
The  pinion  2,  which  is  always  in  geer  with  the  wheel  K,  is  fastened  on  the 
bush  1 1,  running  loose  upon  the  spindle  b.  This  bush,  being  furnished  with 
the  collar  12,  serves  bv  means  of  its  revolving  in  the  cavity  13,  adjoining  the 
step  t,  to  keep  the  pinion  in  its  proper  place,  during  the  spindle's  sliding 
movement:  t  and  k  are  two  steps,  answering  the  same  purpose  as  those  of 
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the  riSme  characters  of  reference  in  fig.  484:  v  and  w  are  two  ratchet-whedfli* 
fast  to  each  other,  but  not  fast  on  the  spindle,  having  a  feather,  fitting  tl&e 
slot  of  the  spindle,  in  order  that  they  may  hold  it  fast  when  occasion  requires^ 
and  that  it  may  pass  and  repass  through  them  during  the  sliding  morement. 
These  ratchet-wheels  are  furnished  with  their  two  palls  x  and  y,  altogether 
answering  the  same  purpose  as  those  described  in  the  former  fig.  485.    Tlie 
catch-box  /,  having  also  a  feather,  fitting  the  slot,  is  furnished  with  a  lerej-, 
(not  shown  in  the  ngfure,)  answering  ^e  same  purpose  as  the  one  marked  c#, 
in  fig.  485;  but  to  suit  the  present  case,  it  works  on  a  stationary  pivot,  fixe<l 
to  the  framing  of  the  machine.     The  two  ratchet  palls  also  work  on  pins 
fixed  to  the  timings  and  their  wheels  v  and  tv  being  furnished  with  the  rim 
or  fencing  14,  are  kept  always  opposite  to  the  palls,  by  means  of  a  bracket, 
(fixed  to  the  framing,  but  not  seen  in  the  figure,)  hoUois^d  out  to  receive 
tlie  rim.    It  will  be  evident,  from  what  has  here  been  ssJd,  that  the  operatioii 
of  striking  in  and  out  of  geer  the  fotatory  motion  of  the  spindle  is  performed 
exactly  in  the  same  manner,  and  also  answers  the  same  purpose  as  that 
described  under  fig.  485;  and  that  the  sliding  movement  of  the  spindle  in 
both  cases  is  performed  in  the  same  manner,  and  answers  the  same  purpose, 
as  described  under  figs.  481  and  484,  either  one  or  other  of  the  methods, 
under  figs.  485  and  486,  combining  the  two  principles  of  tempering  struids 
in  the  manner  previously  pointed  out. 

Though  in  the  first-described  machinery  it  has  been  shown, 
that  the  sliding  movement  of  the  strand-hooks  may  be  effected 
by  means  of  a  male  and  female  screw,  and  in  the  second- 
described  machinery  by  that  of  a  rack  and  pinion,  yet  it  will 
be  seen,  that  either  means  may  with  equal  propriety  be  ap- 
plied to  either  machinery.  And  a  competent  mechanic,  from 
what  has  been  described,  will  easily  perceive  that  any  other 
power,  such  as  that  of  n  lever,  weight,  or  rope  and  pulley, 
or  one  or  more  of  them  combined,  may  be  applied  for  the 
same  purpose,  though  in  the  first  preference  be  given  to  the 
screw,  and  in  the  next  to  the  rack. 

The  next  part  of  the  invention  to  be  described  is  a  new 
pnethod  of  regulating  both  the  backward  and  forward  travel- 
ling movements  of  any  sledge  or  other  locomotive  diachine 
that  is  of  may  be  used  in  a  rope-walk.  The  backward  move- 
ment of  the  stranding  sledge,  or  the  retrograde  movement  of 
that  machine  towards  the  bottom  of  the  rope-walk  by  which 
strands  are  drawn  out,  in  rope-walks  where  the  improved  or 
patent  principle  of  rope-making  is  adopted,  has  hitherto 
been  effected  by  means  of  k  rope  applied  in  different  ways 
for  the  purpose.  In  some  cases  the  rope  is  made  to  haul 
the  sledge  backwards,  by  fastening  one  end  of  it  to  the 
$ledge,  and  the  other  round  the  capstan  or  barrel,  at  the 
bottom  of  the  rope  walk  ;  and  in  other  cases  the  rope  is 
stretched  tight  along,  and  made  fast  at  each  end  of  the  rope- 
walk,  and  two  or  more  doubles  or  bights  of  it  passing  round 
and  grasping  the  same  number  of  grooved  binding  sheeves 
in  the  sledge,  which  revolve  by  connection  with  the  rotative 
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motion  of  the  strand^iooks,  from  which  the  other  motions 
are  derived :  thti9  the  sledge  works  itself  backwards  along 
the  rope. 

The  great  object  to  be  attained  in  regulating  this  back- 
ward motion  is,  to  cause  it  always  to  preserve  a  certain  speed 
in  a  given  ratio  with  that  of  the  rotative  motion^  in  order 
that  the  strands  may  always  receive  the  degree  and  unifprm 
distribution  of  twist  intended.  But  in  whatever  way  a  rope 
has  hitherto  been  applied  for  that  purpose,  the  object  has 
never  been  effectually  attained,  nor  the  operation  conve- 
niently performed,  because,  from  the  elasticity  and  specific 
gravity  of  the  rope  itself,  extended  along  the  whole  length 
of  the  rope-walk,  it  has  been  found  impossible  to  keep  it 
accurately  stretched,  and  equally  tight  from  one  end  to  the 
other,  so  that  when  the  sledge  is  in  motion,  particularly  when 
first  struck  into  geer,  it  pulls  up  the  slack  of  the  rope  from  the 
bottom  of  the  rope-walk,  and  its  retrograde  motion  is  thus  re- 
tarded in  proportion  as  the  rope  may  stretch,  slip,  or  give  way. 

The  retrograde  motion  loses  therefore  its  relative  speed 
commensuf  ate  with  that  of  the  rotative  motion  of  the  strand- 
hooks,  which  have  in  the  mean  time,  without  interruption, 
continued  to  put  twist  into  the  strands.  Instances  are  not 
unfrequent  where  they  have  been  twisted  to  such  a  degree 
as  nearly  to  break  them  asunder  before  the  rope  could  be 
tightened  sufficiently  to  cause  the  sledge  to  move  on  at  its 
proper  speed ;  and,  on  the  whole,  it  is  obvious,  that  by  the 
present  method  of  drawing  out  the  strands,  they  can  neither 
receive  their  proportionate  twist  nor  the  distribution  of  it. 
The  labour  required  in  applying  the  rope  is  besides  extremely 
inconvenient  and  troublesome,  because  it  requires  to  be  first 
fixed  to  the  sledge,  or  round  its  binding  sheeves,  at  the  top 
of  the  rope-walk,  then  tightened,  and  afterward  disengaged 
at  the  bottom,  on  every  single  occasion  of  drawing  out  a 
strand  or  set  of  strands.  The  plan  also  is  expensive,  because 
the  constant  wear  and  tear  is  considerable,  and  requires  the 
rope  to  be  frequently  renewed.  An  iron  chain  may  indeed 
be  applied  for  the  purpose,  and  though  not  requiring  to  be  so 
frequently  renewed,  it  is  equally  objectionable  with  the  rope 
in  most  other  respects,  and  on  some  accounts  more  so.  The 
forward  movement  of  the  stranding,  topping,  and  dr9gging 
sledges,  is  that  slow  progressive  movement  necessarily  re- 
quired towards  the  top  of  the  rope-walk  by  the  shortening 
or  shrinking  up  of  the  strands  in  twisting,  while  forming  on 
the  common  principle^  and  of  the  strands  or  cordage,  either 
common  or  patent,  whilst  hardening  and  topping.  It  will 
readily  be  seen,  that  this  movement  should  also  be  uniformly 
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regular,  io  a  given  proportion  to  the  twisting  motion,  and 
that  the  travelling  distance  should  be  neither  more  nor  less 
than  the  length  the  strand  or  rope  ought  to  shrink  up.  Ac- 
cording to  the  usual  method,  a  number  of  press  barrels  or 
weights  are  phicedjOD  the  stranding  or  topping  sledge,  or  on 
a  drag  sledge*  attached  to  their  tail  end,  to  serve  as  a  resist- 
aooe  against  the  pull  of  tb^  strand  or  rope  when  shrinking 
up.  But  as  the  quantity  of  weight  to  be  applied  is  to  be 
varied  or  proportioned  to  the  size  of  the  strand  or  rope,  and 
degree  of  twist  required,  and  as  the  friction  of  the  drag  on 
the  ground  is  greater  on  tome  parts  than  on  other*,  the  ope- 
ration, depending  on  criterions  so  uncertain,  must  be  attend- 
ed with  a  great  degree  of  irregularity,  both  with  regard  to 
the  sledge  sliding  faster  or  slower,  and  also  with  regard  to 
the  whole  length  to  which,  eventually,  it  may  be  dragged ; 
thereby  occasioning  a  proportionate  irregularity,  both  in  the 
distribution  and  total  quantity  of  twist  or  lay  in  the  strands 
or  rope,  corresponding  with  their  length. 

The  object,  therefore,  of  this  invention,  with  regard  to  the 
backward  movement,  is  to  cause  the  sledge,  or  any  other  loco- 
motive or  travelling  machine  used,  or  that  may  be  used,  in  a 
rope-walk,  to  travel  and  recede  down  the  walk  at  one  uniform 
speed,  such  as  shall  be  predetermined  as  proportionate  with 
the  rotatory  speed  of  the  twisting  hooks  of  the  machine,  so  as 
to  cause  tbe  twist  to  be  uniformly  regular  throughout  each 
operation. ,  And  the  object  of  this  invention,  with  regard  to 
the/oru^artf  movement,  is,  to  cause  the  sledge,  or  other  mov- 
able machine,  to  which  any  kind  of  strand  or  rope  may  be  at- 
tached, for  the  purpose  of  being  formed,  hardened,  or  laid, 
to  travel  slowly,  and  advance  up  the  walk,  during  the  opera- 
tion, at  one  uniform  predeterinined  motion,  and  precisely  the 
length  or  distance  assigned  to  it,  equal  to  that  which  the 
strands  or  rope  ought  to  shrink  up  in  the  operation. 

Having  stated  the  object  of  this  part  of  the  invention, 
we  shall  now  proceed  to  show  that  the  nature  and  funda- 
mental principle  of  it,  and  the  means  for  accurately  and 
conveniently  attaining  all  the  objects  in  view,  both  with  re- 
gard to  the  backward  and  forward  movement,  consist  in  a 
rack,  or  rack-way,  of  cast-iron,  or  other  suitable  material, 
laid  down  and  fixed  upon  and  alonff  the  rope-walk,  from  one 
end  of  it  to  the  other,  parallel  with  a  rail-way,  upon  which 
the  stranding  sledge,  or  any  other  sledge  or  locomotive  ma- 
chine, is  to  travel.  The  teeth  of  the  rack-way  are  of  the 
same  pitch  as  the  teeth  of  a  wheel  whose  axle  is  in  the  ma- 
chine. The  motion  of  this  wheel  being  given  and  govern- 
ed by  the  other  motions  in  the  machine  which  turn  the 
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twisting  hooks,  the  travelling  speed  of  the  machine,  whether 
Working  backward  or  forward,  becomes  at  all  times  uniform, 
and  in  a  given  certain  ratio,  with  the  speed  of  its  twisting 
motion ;  for  the  whole  machinery  being  composed  of  geer  and 
toothed  work,  no  part  of  it  is  liable  to  slip  or  yield.  The  re- 
quired speeds,  both  of  travelling  and  twisting  motions,  are 
adjustable  by  change  wheels,  to  suit  each  other  in  that  ma- 
chine, as  well  as  in  any  other  machine  or  machines  that  may 
be  employed  in  one  and  the  same  operation.  The  w)iole  nia- 
chinery  may  be  driven  by  an  endless  rope,  receiving  its  mo- 
tion from  external  machinery  at  the  top  of  the  rope-walk,  or 
by  any  other  means  in  use  for  driving  locomotive  machinerv ; 
for,  we  need  scarcely  observe,  that  it  is  not  necessary,  for  the 
purpose  of  producing  accurate  work,  that  the  motion  which 
governs  all  the  others  should  be  uniform,  because,  whether 
the  original  motion  be  quicker  or  slower  at  one  time  than  an- 
other during  the  operation,  the  motions  dependant  on  it  will 
still  keep  their  proportionate  speed.  The  only  difference  will 
be  in  the  time  in  which  the  work  may  be  finished.  We  have 
mentioned  the  particular  cases  in  which  this  part  of  the  in- 
vention is  more  essentially  useful ;  but  Mr  Duncan  claims  the 
application  of  the  rack,  in  manner  described,  as  an  invention 
subservient  to  every  purpose,  in  any  stage  or  process  of  rope- 
making,  for  which  regularity  of  travelling  motion  to  any  ma- 
chine, either  backward  or  forward,  in  a  rope-walk  or  else- 
where, may  be  required. 

In  that  part  of  the  drawing  entitled  "  Backward  and  Forward  Movement," 
lie.  487  represents  the  side  view  of  a  traveUing  sledge,  or  locomotive  machine, 
or  the  description,  and  for  the  purposes  referred  to,  moving  on  the  railway 
MM.  A  B  IS  a  side  view  of  the  rack-way  laid  down  and  fixed  on  the  wood 
sleeper  N  N,  or  other  suitable  material,  supposed  as  extending  ftom  the  top 
to  the  bottom  of  the  rop&>ground.  This  machine  is  represented  as  driven  by 
the  endless  rope  O;  13  and  14  are  two  guide  puUies,  to  conduct  the  rope  in 
going  on  and  coming  off  the  large  sheeve  or  grooved  wheel  P,  round  which 
that  rope,  (driven  by  external  machineiy,  and  running  from  top  to  bottom  to 
the  rope-g^und,)  passes,  by  which  the  first  movement  in  the  sledge  is  given. 
This  sheeve,  ^ving  motion  to  the  spindle  or  shaft  Q,  and  being  coupled  with 
the  shaft  R,  turns  me  pinion  1,  which  drives  the  pinion  2,  upon  whose  shaft, 
S,  is  the  small  bevel-wheel  3,  driving  the  large  bevel-wheel  4,  upon  whose 
shaft  a^in  b  the  spur-wheel  5,  driving  the  other  wheel  6;  which  last  wheel 
works  m  the  rack-way.  This  wheel  is  not  &at  upon  its  shaft,  being  capable 
of  sliding  thereon,  for  the  purpose  of  being  put  in  and  out  of  geer  with  the 
rack  by  means  of  the  lever  T.  The  machine  travels  on  the  nulway  on  four 
truck-wheels:  the  two  shown  in  this  figure  are  marked  7.  The  pinions  1 
and  2  are  changeable,  to  suit  the  different  travelling  speeds  required. 

So  far  as  has  been  now  described  refers  only  to  the  backward  movement 
of  the  machine;  which  movement,  it  must  be  understood,  is  in  the  direction 
along  the  rack- way,  as  from  A  towards  B.  The  contrary,  or  forwardj  move- 
ment is  of  course  in  the  direction  from  B  towards  A,  and  is  efiected  by  giving 
a  reverse  turn  to  the  wheel  6,  which  works  in  the  rack-way.  The  necessary 
machinery  for  this  purpose  is  the  small  pinion  8,  on  the  shaft  Q,  driving  the 
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wheri  9,  on  tlie  riiaft  U,  wluch  last  riMdl,  and  the  one  coupled  with  it,  1^, 
lie  parallel  with,  and  extend  to,  the  end  of  the  shaft  11,  in  order  th&t  the 
pinion  10,  fixed  on  the  end  of  W,  may,  when  required,  work  in  the  pinion  2. 
The  shaft  S  then  becomes  common  to  both  the  pinions  1  and  10,  and  mmy, 
«s  required,  be  driven  by  either  the  one  or  the  other,  the  pinion  1  being- 
for  the  backward  movement,  and  the  pinion  10  for  the  forward  morement, 
one  of  them  therefore  must  be  out  of  geer  while  the  other  b  in  geer.      T*he 
fi»ire  shows  the  pinion  10  as  out  of  geer.     But  supposing  it  to  be  in  ^Gcr 
with  2,  and  the  pinion  1  out  of  gfeer  with  it,  the  effect  is,  that  a  contrary 
motion  is  g^en  to  the  wheel  6,  wliich  works  in  the  rack-way,  by  means  <Mf 
the  intervening  wheeb  3, 4,  and  5,  before  described.    The  twisting'  motions 
of  this  machine  are  produced  by  the  shaft  Q  being  continued  to  the  firont  of 
the  machine,  where  the  wheel  11,  on  the  end  of  the  shaft,  drives  the  counter- 
wheel  12,  from  whence  the  required  deg^ree  of  q>eed  is  given  to  the  twisting- 
hooks.    From  what  has  been  before  described,  it  wUl  be  eeea  that  the 
backward  and  forward  motions  of  the  machine  are  produced  by  means  of  the 
wheel  6  working  in  the  rack-wa^  either  way  about  as  required.    As,  there- 
fine,  any  predetermined  quantity  of  twist  may  be  given  by  means  of  the 
change  wheels  11  and  12,  whikt  at  the  same  time  the  machine  may  be  made 
to  travel  at  any  given  predetermined  speed,  either  backward  or  forward, 
by  means  of  the  change  wheels  1,  2,  and  10;  and  as  the  twisting,  as  well  as 
the  travelling  motion  are  driven  by  one  and  the  same  impulse,  originating- 
in  the  machine  at  ^e  grooved  wheel  P;  they  must  always  preserve  a  rela- 
4tre  speed  to  each  other  in  such  proportion  as  may  be  assigned  to  them. 
A  forked  lever,  clasping  on  the  catch-box  15,  serves  either  to  put  in  or  out  of 
geer  all  the  motions  of  the  machine,  excepting  that  of  the  grooved  wheel  P. 

Fig.  488  is  a  view  of  the  back  end  of  the  same  machine,  showing  as  much 
of  the  raachmery  as  is  necessary  ibr  understanding  it.  The  same  charac- 
ters of  reference  used  in  fig.  1  denote  the  same  parts  in  this. 

Fig.  3  is  a  plan  of  part  of  the  rack-way.  A  is  the  rack;  and  N  N  is  the 
wood  sleeper  upon  which  it  b  fastened.  The  forward  motion  of  the  sledge 
is  a  remarki^ly  slow  movement;  the  speed  of  the  wheel  6  therefbre  re- 
quires to  be  considerably  reduced.  The  wheeb  shown  in  the  figiires  will 
not  reduee  the  motion  sufficiently  slow  to  suit  every  posuble  occasion;  but 
enouf^  is  shown  to  enable  a  mechanic  readily  to  produce  any  degree  of 
jnotion  that  may  be  required. 

All  or  any  part  of  the  machinery  which  we  have  described 
mav  be  driven  by  the  power  of  steam,  water,  wind,  or  animals. 

In  the  coarse  of  describing  the  different  machines,  «id  their 
component  parts,  adapted  for  the  various*  purposes  of  the  in- 
vention, we  have  seldom  taken  notice  either  of  their  dimen- 
sions or  of  the  materials  of  which  they  may  be  made,  because 
no  fixed  rules  can  be  given :  but  any  competent  mechanic,  from 
what  we  have  shown,  will  be  enabled  to  apply  such  sizes,  and 
use  such  materials,  as  may  be  suited  and  proportioned  to  the  { 
nature  and  design  of  each  machine,  and  to  the  power  which 
is  to  drive  it,  particularly  when  we  add,  that  the  figures  in  the 
plates  marked  **  Tempering,  and  Backward  and  Forward 
Movements,"  are  made  out  on  a  scale  f  of  an  inch  to  a  foot, 
and  that  the  dimensions  there  given  are  such  as  may  with  ef- 
fect be  applied  in  practice. 
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